SIRIUS 7 
Hardware 
Reference 

Manual 


——— = SIs 


SIRIUS 1 
Hardware 
Reference 

Manual 


e sirius’ 


COPYRIGHT 


NOTICE 


PART NUMB 


E 


SES 


TRADEMARK 


R 


SEES 


NOTICES 


® 4982 by Sirius Systems Technology, Inc., Scotts Valley, CA 95066. 


Portions reprinted by permission of Intel Corporation intel , 
copyright 1978 and 1981. 


Portions reprinted by permission of Motorola, Inc., copyright 1978. 
Portions reprinted by permission of Synertec, Inc., copyright 1980. 


All rights reserved. This manual contains proprietary information 
which is protected by copyright. No part of this manual may be 
reproduced, transcribed, stored in a retrieval system, translated 
into any language or computer language, or transmitted in any 
form whatsoever without the prior consent of the publisher. For 
information address: 


Sirius Systems Technology, Inc. 
380 El Pueblo Road 
Scotts Valley, CA 95066 


SIRIUS is a trademark of Sirius Systems Technology, Inc. 


Sirius Systems Technology, Inc. makes no representations or 
warranties of any kind whatsoever with respect to the contents hereof 
and specifically disclaims any implied warranties of merchantability or 
fitness for any particular purpose. Sirius shall not be liable for errors 
contained herein or for incidental or consequential damages in 
connection with the furnishing, performance, or use of this material. 
Sirius Systems Technology, Inc. reserves the right to revise this 
publication from time to time and to make changes in the content 
hereof without obligation to notify any person of such revision 

or changes. 


First Sirius Systems Technology, Inc. Printing June, 1982. 


100936-01 
Printed in the U.S.A. 


1. System Description 


2. Processor Unit 


CONTENTS 


PHOCESSOR UNITS ites Rate Ge ate NAIR at Meech ol Biehl on OME. accel sl 
DISDIAY WIA seccsscin sascentcetet ne tnnuenss ude ahd cord Mica hond Metal etree hk Sauk Neils cath 
Keyboard: Unit: .<faen ead ate te secthelel ae obit enaat pea tvensea tens waaadec aude tiated 


MAI LOGIO BOA), acpst.e che wets Beavis taller nnectadidendendee encanta tec need 
8088 Central Processing Unit (CPU) 0... eens 
EXOCUTOM UNE sieccsieet icc deans’ xotaretacaiastvyed atte yasretone th heet 
Bus» (nteriace: Units 4:2 case tides eek Oe Chere oes 
Generali REGIStSrsS® cca eA thaws cons hea pdn Ot eccudtaa yet 
DOOMEONE TEGISTSIS 5: ciesca aad sarguncnteanprtonsnstaan vuresadmcra toi kes co mesuned 
LAStHUCTIONPOINLER wits ca te tiies Hate each tat etae ts of iags eatanrt tease has 
FIA QS: S.cccucethsutocsiscasPesestebasie donesssaguatssesale occa recscgunouetpamtnuhaenatenny 
8080/8085 Register and Flag Correspondence ................0.. 
MWICIMORY a2 akectir 08 bbe t ct tetet ah boast cateret steamed Se Ruston awa erator eee ote ae 
SOMA OrGanizatiom  ssacx: erate cfacstadphecdnte magna ceriesareuutunicaacte 
COP SI ALON us tccres dt Net thee Atel acts asset acne ahs 
Physical Address Generation 0.0.0.0... eeertettereeeees 
Dynamically Relocatable Code o.oo... renee 
Stack: MPlMENtAHOn <vovstaisavvnransohjaiacenemrecanntearmmnertonane. 
Dedicated and Reserved Memory Locations .........0..0.0.... 
8086/8088 Memory ACCESS o.oo... cceteeeettttee et entteeeees 
IAPUTPOUTDURE sores a ast entice Naceieadatigcea ncaa tread oc duasitten paadeh ett edieed 
Memory Weapped yO: Scc.:2:ascasireascantarnvtantunss caehirneaatlbndd anaes 
Direct Memory ACCESS ooo... ccc cece cc tettteeteeeteetetttten 
Waltand eStsscs-y.actocsiesoharstaeieatiutee yada wautevenmd Genet ges 
Processor Control and Monitoring Interrupts .00000000 ee 
External Interrupts 000. tree eect ete ttttttteeeeens 
internal Interrupts cccsceecccecfers eee elwiapesaelergsensnens pegeehanac maaan ree 
Interrupt Pointer Table ............. etter reterereneretees 
Interrupt Procedures oc. c222 ccs beideieengeden aided ipavengeeabentadieess 
Breakpoint Interrupt 00.0.0... tt ttt 
SYSTEM RESEL™ x crseccecisn Pi cobeiaeandecdheatecdynarsanvamiytarues teraneedaatinnedyas 
Processor Halt oo... cece este rteeeeeeerentttereeirenes 
Addressing: M Odes) ics csiacceicilna sc chet caiutves cape geeadhinededantedude titel des 
Register and Immediate Operands 0.0.0.0... eects 
Memory Addressing MOd@S 0.0.0.0... cect eee cette eeeeeeees 
Effective AdCreSS octet eee ne eteneees 
DIGCE POERES SIN Gla lccs i occ beh pons tease nme St adend ated Autits stated 
RegslerINarect AGGrOSSING> foie dctkaicrternctenqnatisentscnetvedaite 
Based Addressing 
Indexed ACCESSING o.oo... cece tenttenenes en enene es 
Based Indexed Addressing ..........0 0c cccceee eee c ete tetttteteens 
DIFING: AGGrESSING css viduwner ett inetd de tides Bee he cree eh: 
LP OP OR AGOLESSING®. hsict itutenatennrestataresnrrsaterindendtadeds oaials Aeucas 
BOOMRO Me x oracttiguicceuttaduiteertasdithga statins ever Ree at Ma tette ig 
Input/Output (1/0) FUNCTIONS 200... e ttt te eettteees 
Sela (POMS. coat whee adits we ats aouli Sant We hs fara ateatletecn ueeenes 
Parallel Port 


CONMOl ROR civescoeeehin cede ceetereac tena ee eee ot 36 


AUdiO-S6CHON vga Bi tice en earn ae AG 36 
Keyboard: (AteaGe ac secect ie ober torical tau iat de Needs 38 
DISK AALCHIACE. oer her Siete ctesas he heaai te Nyasa Aes, holt, a cer Saty sagas _ 38 
PRO EHS OU US: ih od access dat taimacruriaanpeceaies A chaldeantesh tuys aenieire eet 39 
DISBIOY 1 actte tice orien tntenradtimemnnsaraiemtnareta Gomeraa meets 39 
Sereen, Butter... stant con teteed eke aceet, aha sant ere AON 40 
FOAt-P OINOR autiitictAeitd Dok neue tend Sethe astonenityethacens 40 
Attribute: Bits: 0c ccc tek cote bie Mou tenet cnn Re vinta ets 41 
REVO VIGCO) fox se ccicemerieis Sees is ce A Girne 41 
Display High-Low IMterSily: «.scccapns sae Ranneriedaarcemica stay Nees 41 
Display Underline/StrikeOver .....0.....:ceneeeetsereeeeeneees 41 
NGRCISOIAY ATTIDUIG utc. 55 feo ae scree ache hime ape emerge 41 
Software Attribute: x 2csccus eee aie aah sana 41 
FOMUCCEIL ects deste eae res ee irs tossens Sedat iobheeinan tase sane udlona sede sauteed Den teats 42 
Disbiay BriGhtnessS: isin cca sais cake rt ant lode MeN atte ae dans 43 
DISDIAY COMUAST wisunetese loti catudi dee aes deweiniine emoreau aes 43 
FIG MARESOIUTONM MOOG tscerasu mc teacaceseatbarnetiny os satiaincsterecen teehee aes 43 
Disk: DriVe-ASSEMDIY" s.crhaciees osteo 44 
FUACIONAlDESCHIDTON ic iaks cote ceunn a saede se eieh teatehiaeind oleic iaceets. 44 
REadiNG- Dale: wath Gsladieuiia uci iey Cac nanennmaeeaiast 44 

FIG AGH SSA ON is ics eli Gaatedid bes ects dels eee eee iene tah ev connect aa 44 

ale REVS ESU 4c xtean aiaunhslanetnauroasaoasanm mare tain tana ornnea aetaamer 44 
MTOM ie oe Stace Saat ati os aeuane aa aeteutaat tater saan tut Yets 46 
MPIC At ie aaa de ele isla Blanc nea ta vhoaaam sennnns cess ce ete tamuanitegs 46 
POPPVEULIFIQ cence antes tA sacecor tise coy alugica hy dee eaeaa ed cia aon deo crepe canes ended 46 
POSIMOMUNG) Soecnetraxoprctisssssiny sauatnasatveduceacep edie Vionga tae ammaarmaniete neds 47 
SUSE CORON shes. ecow sadetdlunioriamatenaa mae ante gad 47 
PAYSICA! DESCHDUON ..5..:ssccccimavciein SN ia Melpmimcnnn ae 47 
WOIOr SPEC COMO Ye cicxce ted ie ea aaaiematueernnanneapaeeien 47 
Data Encoding: FEChnique-GOR ssi iassecdatiiessaiitea setae cendemecniie 49 
PGA CHAMMGL chai Mork cistaveteta, ieadevabentatadvanualse travede io eter vans 49 
Wirite-Ghannel vac 2x fect ioe he hope intaot ordre nnme its 50 
Sector EOrmat:- (..3see ies ie ee od ed a Gee: 50 
PIG Ke POP elle aed tittal Sc tity ferentiation ak lieinee Solicd Recnaa han oraaea peau 51 
PRYSICal BUS IMIG ACG c.os.cinrccevancinssiects tos ioens via tate isso lcesaadedvatinlelss 51 
POWEE SUD OY! 25 ssa nerd hciet wappodidyrrmescanpnmesinarerte, saolrassieentinns sets aah ayaa 51 
mos DUES ay EET cai see seta es ada to eg Sue has Sa incepta dal etait aes Sdtnioma ingles 53 
A. KEV DOr WUE pees sicen chica tence rcs ie ares andesite eroate th setug ved atena senate cata hance th cesta 55 
Appendixes A. 8088 Instruction Set w..0....ccccccsciceceeeieteeeteeeceecubdth cebevindanneen esas 57 
HNLFOGUCTIOR: vest io tae shock ee Ao Ace etlel sn Ge needell Mh teuega neat 57 
Data: Transfer: INStructOnS 2246 4c eceds oe itdes te ir cele aad eh aed eae 58 
General Purpose Data Transfers 20.0.0... es 59 
MOV destination, SOUPCE oo... eee eee erence trent eee e teen 59 
PUSHESOULGCE® vie. dahon e aay hirakudtonadhi doamiagaaedehdei gig bosasetad! 59 

POP: Ge@stination: casdieedecrt cress woe ela teaeaulenin ae teeth eens 59 
XCHG destination, SOUPCE oo... tte teenies 59 
XLAT translate-table 0.0.0.0 eter terer re 59 

IN ACCU MIUIALOR, DOM, oa dcetetaricatotonts iluieeeriesthiacingdapraetzaneion 59 

OUT Ott AOOUMUIAION: cect elite eteanirh auelcedvasanedaeedies 59 
Address Object Transters ccc sie arcaiclnratipewo rend aia tates 59 
LEA: G@StiNAtION; SOUCE cessccrescscnisgunecadhcsecade ies gies he bert ves A 60 

EDS: destination; SOULCE > a... c.eidio. se Qigpees see etencrecndaencteniedones: 60 


LES: destination, SOUICE® -..ccs.ecgass ncceataus enacted de ese ted? 60 


IBC: TR BMISTOIS Gees ccs ten tee tact te ute Sacceaeies Han raunE ea estate 60 
LSTA ca stlse coca ala th deactasenth ot eiaaende gs beenacadyn dinnsss qouihea Bata Solbentomet yt Bes 60 
GSA rete at htiegt nage Secaaneavaeae ave aa uiahetantat eden ae eaheutgiameie® 62 
Pill SAE ce caieed eu tedeiles te Merete hk sot See ies 62 
PORE. ssieethdeeveed Rol eect pet RS ees Maylas tien sta eb deastonias ihealen Berea 62 

Arithmetic Instructions 0000.00. e cece ee ee ett eeeete ete eeneees 63 

Arithmetic Data Formats 00.0.0... nee e tee tttnen ees 63 

Arithmetic Instructions and Flags ...........00 es 65 

PRAGILIGINS -ecctteeethee ce lt Haag ea agate anche aa acta pea eM ee a 66 
ADD. destination; SOULCE sceccciaccc ce hscceseis heaedeecnia cgdeees dee 66 
ADG: destination: SOUPGE: ncs.ccc eset deta Aewar wether eases 66 
ING destination ce sctecter arco cl inde cule eee 66 
IIB cho eines cA dota son ahaha Seton tale od et Taga austen beta te cua ee eteni eta e uiere ay 66 
[AAs as oe 2, ese Rate at nt abt sidictes Sen padeuies ues oy fodgatetes eosag 66 

SUBtaGtiON: 2255.4, Festa eae ed ce ees cheng naga 66 
SUB destination, SOUICE oo... ccc cc cece eee eecee tet t teeter ttnees 66 
SBB destination, SOUPCE 2.0... cece cce cc ecee cece ett ttt teen ennneees 66 
DEG. destination c:csiexuciicieersnee enue dn po secnn age ee eee 66 
NEG destination .......c.cccccccccccccccceessscssetresneveubevsegseeaeeeennsnaoue’s 66 
CMP. destination, SOUPCE oo... ccc ect cece tte eee et ee eens _ 67 
PIS res caterecrin nahi artes eit cat maes aN A aa ha Arner ARs de Sele ted aa 67 
UNS a enh d ee ee ha ce eb esas ree eee lab Sadat ae eee netneey act Nets 67 

(Wher OE SUIORE 5-050, 9.0. c aca eno ec are esr poh saan coanehs one tal anenuhinesoans 67 
NY) SX) 0] 0, = eh eae Selle, eens: 67 
IMME “SOUPEOY disci el Reed edie Sek Badia aes 67 
NAM cies eocrats a Sercumantoe tet ad odes arieah sid acatge cacy tavie Henle cuter Coe alae Sed 68 

LD IVISIOM: os ihe sas die er eodsantacadeicnocea Snias Sieeaabetattendes cau digndne danas caspom vane sees 68 
BIW SOUPGE hee hasten ied oe eG hioeaayn nese ity tne Ean at neateateanea ends 68 
IDIV “SOUPGO> acid dorless ee he a dead onesnetnnescnqgilan ence Senco 68 
PAD teciaate laseten tecnce hoes Sone etew oi eatn a tal Metmascerptamea ss cae iatied 68 
CBW Sk hea thick ox i hah Lhedcncerbltst ate ot abies clylvens dite toned emia orkeigea a Ine 69 
CW 236-408 oie bee: soa wae he Sano ost onstrates tase neh A nctese es 69 

EQGICA -siesttnetsortunseatinsanensanereauron Spay ulcers antanais te: Mawierated: Aen suis 69 
NOT GSSTMATOM: 2c iceccsatutictes serhe tte seasons daca dihak amet: 70 
AND destination, SOULCE oo... e eters 70 
OR destination, SOUPCE ooo... ccccccccceccecceceeceeceete tebe beeeeteettee ne 70 
XOR destination, SOUPCE oo... eee etre ttteees 70 
TEST destination, SOUPCE oii. ttttee: 70 

Git Sia ta at adc hn tte, at alay tet eS Ts a bate fastin buteeek ines ais 70 
SHL/SAL destination, COUNT 200.0... 70 
SHR destination, SOUPCE o.oo cece teeeee settee: 70 
SAR GeSTINALION CCOUNY toi ce necvaven ents tereattotinn acs ontadod sacveneale¥ atanatene 71 

ROLES: 20608 .8 cea es Sahn nse waite teh cee egiade or atedaaenan: 71 
ROL destination, COUNT oo... cece ee eters 71 
RCL destination, COUNT .........00 0c ccc cca eteeeneeeeee een an ees 71 
RCR destination, COUN ..000...0 occ cece eee t et te eects 71 

SHCMG)IMSHICHOMS * 2. co cegrineritede pod aks witches tens heeled dearth pacsnltteacias 71 

REP/REPE/REPZ/REPNE/REPNZ 0000... 73 

MOVS destination-string, SOUFCE-SEFING «0.2... 73 

MOVSBYMOV SW. wc cortceacna cus cledtnnans Arcslectunivalesahaetaian cameras See Meee 73 

CMPS destination string, SOUFCE-SEFING 2.00.0... ce 74 

SOAS CESHMAlOM= SWING ssi visdarssvswieanetanaincueen ners UoeeOaai test 74 

EQDS SOUIGesSHINe aceica fea deviance te case eine eee aaa 74 

© EOS BOS MSH OM SHI 5 axstscuivate seat uteaatia tale Galen hees ey ceataaleadiun As 74 

Program Transfer INStructiOns 2.0.0.0... 74 


Unconditional Transfers 00... cccccccecccceneceeceeceeteveesteereeeaeeeeee: 76 


CALL Procedure-NaMe 20.2... .ccccccccccec cette tet e ett cnnces 76 
RET optional-PpOp-V@lu@ .......000ccccccecc ccc tte ttne cee _ 77 
IMP er Ole. 2is0 8 8 nike tS eck Hosta ways Meu Buteatdange Madhtnecs dense fags 77 
Conditional Transfers ooo... ect tte eet ttt ties _ 77 
Iteration: Control cium ahead Gilat avin kin eee aes _ 78 
LOOPSASHOHFIADEN: chistes 8 itccscnlees latte bike call eA Mad, Seok 78 
LOOP E/LOOPZ Shormlabel «sie cei civil crete aes aulnde we. 78 
LOOPNE/LOOPNZ short-labe@l 00000000000 78 

I OXZ SPORE BED» sects Bina eb ctactsasctin sPeleae hed eat Montes 79 
Interrupt INStrUCTIONS ooo ellen tetn tte eeeees 79 
AIT FL GT LIDIA Oe airs Bs aha lacs oa enue nar sy au biaancl tam hassel 79 
INI coarse esid Sea naa title l cnc attahal ches a tall nets ee gis tacit eat starting cat 79 
Re erased Since eens Massa er esse te tas Se tata Terral baked 79 
Processor Control Instructions 20.0.0... eee ce eect eect tt ne cece 79 
Flag: Operations: bx cindsatacin watt Leta mst Meets 80 
CL a sacabn antiastotals Praca amen sosenvenaa sttaloensaeh Chae duces esaucit lank ated elu speontsenses 80 
CMG Mattie Sie tee Pl elke, eh Wiby irs ii MR teal tose ale token drat 80 
BR sat dbestet ees cents Aah te eae ig era ete eh cl ats 80 

Ge BB ae ee Ae te ne Ore ey NCTE ETC aOR IDD TALIM Ire iene rae eT 80 
IED: (as Gtopacteamataa de cananceucienr saa scteuisaies seeutine cdapauhertissean nt mansaencuad 80 

GES «ch ateettieah eeiabed aiaaios lati ANi AS Vit ied in, ama ted iaaheal Magi tantad 80 

SU ss tecrentfan deat tohetalie st he ee eae AGh LS derek MacRae AR 80 
External Synchronization 0.0.0 ett c eect eee t eens 81 
Le enc Potten ee snecdech vat a0 tessa arise cand ncn sed asians vag amshe ban sete alos waa 81 
VU tnt Recht A tinh: ge rad eens Cast yas cared ng Neon a adenaatnteeadahanaca 81 
ESC external-OPCOdE, SOUTCE oi. eect ttttecet eet etttettees 81 
HCG asst chistes anesarrade eudidd nous tans nea icons Rava te eacails hunted ao ee 81 

BIOS OPER ATO OR 2a Can ate ahed ea tanta seattle sap raged 81 
Instruction Set Reference Information ...........00.00. een 81 
B. Expansion Bus Definition ooo. 83 
C. Memory Mapped I/O Address and Bit Assignments .............. 89 
Di The: Display SYStOM: .c.cccwen dicots ations Midetictohdd ted 95 
IALKOGUCHON: 24. cia d bet Aled ele ace led ci sae Rinne at Anata medi darned as 95 
High Resolution Mode@ 0.00... e eect eee eet een tttetteeeeeeeees 97 
Brightness and Contrast Control 0.0.00... cece eet teettesee trees 97 
CIFCUR DES CHIPUIOM c.test.8c¢ eccetecicidobdpeicainded lavdvonadneraenpatrecnalgeulaaes 98 
CRTC Device Operation OVeErvieWw on. tttteeernees 99 
Interface Signals to the CPU ooo... eee ttttttttteees 99 
Bidirectional Data Bus (IDO-ID7) ooo... ee 99 
Read/Write (R/W) ooo. cc cece cecceceteseeetenbescbttetteriiees 100 

Chip Select (CS) oc cee uc ee ewvtiees oh va beer end aes 100 
Register Select: (RS). .scccvecvsc aise Mees ceed eee heres 100 
EMADIGN GE). vaca raat enh kent aitn mgials De cedeitaaeducsk tenes tS, Adres tid 100 
PESCTHCRES Ji. carting cntet atecensgateatee Cyaieseatomtertacates prrnen lata aentnal: 100 
Interface Signals to Display Circuits 0000 ee 100 
Character:Clock (CLR) vas osctiscsnanetenbdeties. iy cade tach ahieedes 100 
Horizontal sync (HSYNC). cod aeetinctas be secetaass sitive srencs Liat oes 100 
Vertical-Syne (VSYNG)», ecteicstaactesaaredssaesinteateteneeeemadenen 100 
Display Timing (DISPTMG) oo... cetrtttteees 100 
Refresh Memory Address MAO-MA13 ou... 100 
Raster Address (RAOQ-RA4) ooo... eet 101 
Cursor Display (CUDISP) 0.0.0... eens 101 
Light Pen Strobe (LBSTB) 00.0... eee: 101 


Vi 


IATGIN AN REGISIOMS sees or.ccc) caler coeabecnnat sntgucn seas auhaestieeien ae Meade ts 101 


Address Register (AR) 0.0.0.0 ect eete teen ttttteeeeeenees 101 
Horizontal Total Register (RO) 00... ecees 101 
Horizontal Displayed Register (RI) oo... eee eens 101 
Horizontal Sync Position Register (R2) oo... 101 
Sync Width Register (R38) octet eee eeee 101 

Vertical Total Register (R4) oo... cet een 101 
Vertical Total Adjust Register (R5) 0... 102 
Vertical Displayed Register (R6) oo... 102 
Vertical Sync Position Register (R7) 0.00000. 103 
Interlace Skew Register (R8) 0.00.0... eeees 103 
Interlace Mode Program Bits (V,S) 0... ee 103 

Skew Program Bit (C1, CO, D1, DO) oo. 103 
Maximum Raster Address Register (R9) oe . 104 
Cursor Start Raster Register (R10) 00.0.0 105 
Cursor End Raster Register (R11) ......000 ee 105 

Start Address Registers (R12, R13) 0... 105 
Cursor Registers (R14, R15) ooo... cece cece 105 

Light Pen Registers (R16, R17) occ 105 
Restrictions on Programming Internal Registers .............. 106 
Noninterlace Mode Display oo.......00.cccccccccccccccseeccetectsteettttteeenes 106 
Interlace Sync Mode Display o.........ccccccccccccccecectecrtteettetenenes 106 
Interlace Sync and Video Mode Display ..........0...00.ceee 106 
CORSORGOMIFON crete Saeco pers aatvetareeiniornautrcmip re eon andrei eke R edd 107 
E. Audio System Hardware uuu... ccc ccccccecensseeeetttsesecesteeeees 109 
pat Signal COnGIIOMING 6)in diiatiseseitds mee terodooneencmstar iad: 109 
Output Conditioning and Power Amplifier ......0..00..0 ee 109 
SOUR DEVICe MeO oy iccrarnoundec xtunmes ft ataebhte anim atin taivs 110 
VEO crea ass deca eiP acceso uaa nc Raa wphiad Nua A aA TR aa as 110 
LPIA ZATIONS eis. beets iret haem aa NNN Ak A. caste eatin desea eases cenens aes 110 
TRPANSMHIREr ODERAUON: -«caicdcitacta el Anicderscehqadnkriael ae nngneins 114 
PRECEIVE! CDSFANOM 215.25.) eaclvaciantucsssPeeceh Sutin tuunvaasumeten cae eas 114 
SYNGMCONIZATION sss, feta Sache Geet chet sradacenedasdroiagt Weamebet tant date 111 
FICC SIVING DALE. sarcorsiianss lestdedelar eu aisthafosuctaannledy Aas padecBea ag hie 112 
Input/Output: FUNcliOns: vate eee hades teauiue lands 112 
SSDA Interface Signals for CPU oo... etter 112 
SSDA Bidirectional Data (IDO-ID7) oe 112 
SSDA Enable (PHASE?) viguness diate cty deta venta sins tavtemeuseiee ids 113 
PAC WSR VY weresc dese tsvcunveasand ee buaiaatn wre Cdl dedinaden tetany ten 113 
Chip Select (CS). c.cccceissccstecnnieserasaaceihak (sat tei ahin eee cedde dean 113 
MEGISTOR SEIOGE( AS) »rctccciGcecantenubesereatenudstennad semiharan oid 113 
Interrupt Request (IRQ) octet ttreeereneeeey 113 
ReSet la put eieceasn ates he csaled eu tinthste sedis udedtenadoattavleaaeicleebee tes 113 
GOCE SasciuMalecectalanssatandenaett tua decsivasuinceneunsieau als ereetnd 113 
Transmit Clock (1x: (CIR): scccscocscnie s saahi oh tad gactpbeatebaatacireear 4 113 
Receive Clock (RX CIK) ooo eect ttttttteereteeterttnte 114 
Serial (Aput/OUlpUb LANES aid shea eae ae has tiyecel ered ete tes 114 
Receive Data (RX Data) oo... ct er etter: 114 
Transmit Data. (TX: Data): acd cccccicvievie iuopeatrotspatadetinderdsouhe canes 114 
SSW AAS CISISES <1 tics scat to otnne hin Mat etal Ratan cy acti Sethe snare eis 114 
Control-Heqister TC). vcck ais cater neni tivgndarstearingh Neha 115 

Receiver Reset (Rx Rs), C1 BitO oo ee 115 

Transmitter Reset (Tx Rs), C1 Bitt oe 115 

Strip Synchronization Characters (Strip-Sync), 

OU BIE 2 de races Gant dedaeadla Dace dblaigt Rael INS er inet nlnste edanrtatede Say 145 


Vil 


Vill 


Clear Synchronization (Clear Sync), C1 Bit 3 oo. 115 


Transmitter Interrupt Enable (TIE), C1 Bit 4 0.000 .. 115 
Receiver Interrupt Enable (RIE), C1 Bit5 0, 115 
Address Control 1 (AC1) and Address Control 2 (AC2), 
Cl. BitS BANG Fn sc wisccessa con storsed este Alneges ante ode ieee 115 
Control Register 2 (C2) octet rere te eeenn 115 
Peripheral Control 1 (PC1) and Peripheral Control 2 
gs 004i ae OED 51 Co Ge |g i ra ae a ee 116 
1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit2 ......... 116 
Word Length Selects (WS1, WS2, WS3), 
Cre BSG 4 ANN sitar taht ME hh i OE Oi fe 116 
Transmit Sync-Code on Underflow (Tx Sync), 
21 BI De es tcesisdaen socal maotusiara miasedine teach Raaumeeek onan 116 
Error interrupt Enable (EIE), C2 Bit 7 oo... 116 
ControbRegister: 3 (O83) cacti eet Le ihe a dt aciee 116 
External/Internal Sync Mode Control (E/1 Sync), 
CF SEL cassettes oe oath sane cs ened ly Arausante nadnnphcieaan taiasaatnld 116 
One-Sync-Character/Two-Sync Character Mode 
Control (l-Syne/2- Syne} Ga Bid sucess ah 117 
Clear CTS Status (Clear CTS), C3 Bit 2 on. 117 
Clear Transmit Underflow Status (CTUF), C3 Bit 3 ......... 117 
Sync-Code Register 0.0... cece cee ccceeeeettteeeeees 117 
Parity for Sync Character ooo. ceeeeeec ete rrttnnens 117 
TRANSITION apes e sl tet ee aie staat is ech tars Mee sasteauetaa nate cn 117 
PYOGEIVGN ch corte on inccthertnnttatedat tute trtuihckinadtupeena desea aahnaranuls 118 
During Synchronization 0.0... eees 118 
After Synchronization is Established 00.00.0000... 118 


Receive Data First-In First-Out Register (Rx Data FIFO) ... 118 
Transmit Data First-In First-Out Register (TX data FIFO) ... 119 


SOEALUS? FLOOD” Soca ccc Sal lacie fa casts ase cera mi he ages 119 
Receiver Data Available (RDA), S Bit QO 00... 119 
Transmitter Data Register Available (TDRA), S Bit 1 ...... 119 
Data Carrier Detect (DCD), S Bit 2 on. 120 
Clear-to-Send (CTS), S Bit 3 oo. eee 120 
Transmitter Underflow (TUF), S Bit 4 oo... 120 
Receiver Overrun (Rx Ovrn), S Bit 5 ooo, 120 
Receiver Parity Error (PE), S Bit 6 oo... 120 
Interrupt Request (IRQ), S Bit 7 oe 120 

SS PALUG ODI SIOE + op crtecaycecas cs esunatacbeetriwanaiaretnies rade icbaed uence 120 
PCB Fas hse acct dict scoot yids hited eli onto ance etedscaletae 120 
BUS 0-100) sce, cteenlaceniartoag. ese, wedgceratenataeaadoentd nna ale ehel ojes aes 120 
PE BIG Git cacess batatths SeesibettuselD e iG Etat aa ake ANA hace te, 120 
AXMOVINCBIGS: ccteondi seis idtbitncts easscct ta atch eoran ss vasatctite Skee 121 
Ale ESTES, surckans trees AM Wes acti hec Mat os Fel Me rae Wi Otameh ee te ee 424 
RSS EE Ss sir ianstacehy tot afc, 8 olde hel dete hater Sai Nid ection 121 
BG! BS || Gamera eN oee cate teck sty Ora OE Mn ete SM a BAER ns 124 
ORAS BI" shGects Peeks ek cic sae an, eOtaedls mah aid nash saan Mnes 121 
PID AB IO) tae ntoMticst 9 ee tt ect tn Nak, tot taal tah eet tes a Nee oe 124 

COMUOPRSQISIOR TD, seis ccadeieatlancunipenercacllers dust ileduhiatendide face 121 
Pe PAA SNS EO! 8 bbe cacti ha sets tana dh wee rasta thot Niet 121 
PVE OIE SS: Lecshanste nc ncehiittn stele a seucti Uun autisectbed Aad Sea aes aivtane Favantes ad 121 
DN Ae ILA seek ateecnedtslshseptunt ath hes behan cunasnbd Nehamcaantac Se dusts si! 121 
Clear Sync Bit Sooo ccicceeeceeecescnteseseeeceeeeeeveneeenn 121 
po de | Seto 7 6 Lom @ (lad ay ae aE Re erie arr ne Pen An 121 
ARSC TAG IESE) causes tte ei ta daets Aten rear sh ag wnat es te sacanes ay 121 
PRES HB OE 2 hos oye tones Sie ls tade cachet phsrhdee sta rontab nened Badadtsass 121 


Control REGIStEl 22 css cestesnray Gane aunaeas pial ea EAN 121 


CTU Bit Se ees cients peated ae Ble ele eens seater 121 

Cleat CTS Bie Sepa testator ld Mie tomtienes 121 

1 Syne/2 Syne Bit Vl ccntie wise ee Aelia 121 

BP SVAG BIE Os 95 ceiehiiic textarea gets canada te To emncaaes Kenwood 121 
COntrorRedistor 3 ecok ik oaks has nares eatin gone ees 121 

ele ec ett hehe release MMe AA ies Ace tn SIS Ge th nat daly 121 

TPO UG EB hoa ser ky pcan aN Aaa A Sta age Slee Rica 121 

WSS, WS2) WS1 (BUS 5.44 SB. cjrversosssrceancedeasasthaeaty 121 
I-BYytefe- Byte: Bit 2 25s. ices a tatrndodwiews 122 

PC2 PCT BIS Fahd OM ssc tetra cmap 122 
Codec Device Operation oot ett en teens 122 
The Delta Modulator .00.......0 eee 122 
The Companding Algorithm o.....0...ccccc eee: 123 

F. SIRIUS-1. Keyboard Specitications ananassae 125 
Mechanical Specifications 00.0.0... cette ttttnne 125 
Key, Total iravel: 2. nce ver ue ventaarnkno Oy aarioes aida oneal Me 125 
ACtUatlOn FOG sco: ek cate kixert le hve Me taen adoa pet 125 
PAG IDIINY «pea ccecedy,ccik ie a cisea ease cudeedeauntoname eoterea es har dick ved 125 
KOVSP AGING 2553 t ch tuts heats frail enerbs visa an shimemetonia ier tare aren 125 
OVS IODA eds as Os ca a ent Fuente evade spares utaadientaiet 125 
Key Top DIMENSION oo... ccc eect tee ee eect etetttttteeseeees 125 
GY SUMACS ces. alert. dod carte tendon enmureue adap cmenanembelahtate: 125 
Key Switch PreSSuresS 0.0... ccccccccceccecceseeeeesereneeeeeseeeeeeneeees 125 
EIB CINCal SPOCINCAUGNS. \wctaccciares cons acenartatetrenticrem bas 125 
VNU POW ya Soetoro oe te hace te oe citealat Gean'e watt ak ws tela tas nia etorec armas ea 125 
RONOV OM. csteeistaiceiakauadnedidl ait catenins tact voces seonars eh Debits 125 
ONNECIOR 23.5 oo cacetettte che etnent onwettenaston aca catecun Huma tecadn 125 
LOGICAl*S POCiiCAtlONs ~ iii dintaaabeciartnonuces eri cic ies 126 
PLOLOCO! DETIMIIOMY bsccotceusaemsiacehaoen tablet CA te ae deca Alan 126 
Reserved Keyboard Code@S 0.0.0... eee ee eeeeeeeeeeeeeenies 127 
Environmental Specifications 0.0.0.0... ee eeseeeeeeetnteeerteeaes 127 
Operating.) emperature® 15 aiicaencne neti acini 127 
Storage Temperature 00.0... ett eeteeettteetteeeen 127 
PET TCUEY™ cast cuatuicds ctonuosbens amis cecees aA deo ticasSe ote arya ceam enh atlas 127 
PEN OMAD ea srcc tacinatedipaltnrcresesotel steystus crane vatamaacutstdinn thabates critetsiGnd 127 
Keyboard Approvals 200.0. e ec cteeeeeeeeeeereenttttenies 127 
VADEATION” cecveiees ess fee ised Mo ie ence tiie datdeceaieneth apo deutves’s gx anon o7 127 
SOCK ie dect ithe aaa dct eh heal ge ene eee Ae Oli buat able den ee 127 
KV DORA HAV OUG saccxs 42s nteascaten stitseentiss ce tu serttecabasnneaduatnmmarincaiterls 127 
Keyboard Timing Diagram 00.0.0... ete ett teen eeeeeeetees 127 
G. Communications Controller Specification 0.0... ee 129 
IMUFOGUCTION. 35) srcossserchanshscesadunedodanes vd since et sure edunn ioe Bagee ta nuseceoees xe een 129 
FOGLUTOS Hi. 86. or cnet nah bd Ac Sas hae yale tonsil ta tonen fembucd ruses thes 129 
Pim DESCHDLON: xenise, sth ugiecakelt aii, Geeta etal te Beis Bolte 8: 130 
PROLOGCOIS © secacad sie ous dain alownee tener uke eee aeed aah el otad JAS anda, 134 
ASYACHONOUS“PIOLOCO] « . encndcpsuccrdesececnnteask oteateestener ane Ghnateaate 135 
Synchronous Character-Oriented Protocols «0.0.0.0... 135 
Synchronous Bit-Oriented Protocols... 135 
Functional DESCription oo. cece eee eee ee teeter erties 137 
“ERATISIMIMLSL, boo svresonec Gaerie od sas betecga tae Gehan ate wetak deep amasaietetarea as 137 
Asynchronous Mode ...............ccccccccccccce eee ee eee eee teste cnet eeteteenees 139 
COP Synchronous MOdéS .........ccceteetetee ete e ee ttte nee 140 


SDLC (/HDLC BOP Synchronous) Mode 


RECCIVER Ais lsctetsn ck le he Gk AR i od lala le, 142 


Asynchronous Mode ...20.......000.000 ccc eee cccccccececececevevssecseteeeesneees 144 
Synchronous Mode... ccc ccc tees cecteeteetnneny 145 
SDLC (/HDLC BOP Synchronous) Mode .............0...00:0005 146 
BUS Inletlace COMmtrOner : ics... 68) bach slo weay Sates ouae' oun ecmsaeodeds 147 
BUS Control LOGIC: ju c¢.c.67 187 aveg wacuunsaisy uh iiolanccuaiea ptinaondts 147 
NISTTUBE- COMICON HOGIC tui astute ie Ase ah ed ig 148 
DMA COM OIG ccs c mean asttnarcanrna teceotsiat gy a iesa eyewear Dinas 152 
Clock and Reset Control Logic 00... 154 
Programming The: MPSC* icc ode dh etico un dhacr amen ae 154 
MPSCe REGISISIS: scsclerh ac risen dali a vce a, cetttteal Naud cubeenls 154 
Conthol: REGISTER: Oo sco cscco0 a. sesnseesehabeadectnnciadta NE caljwea tele 155 
Control Register 1 oo eect eeeteteerttrteenes 157 
Control Register 2 (Channel A) 0.000000 159 
Control Register 2 (Channel B) 0.0.0... 161 
COntOl REGISTERS crtessinsanesciesgnrseaactsroactees se aucrletaoacsacesats 161 
CONG! REOISIOR Ae sie ttt ters teem Cee ier Ree art eet 163 
Control REGISTER 5: sxc. verse delete ine adele 164 
COAUO SOILS N Oa itioe etal doce iatee in tind gh adda aabeaur 167 
COM OF GGISISE OF. s zbnsastelusucvustspaadanauiercndangeoletiaatnetteearnasmuseuss 167 
Status Register Occ cece eects tteteeeeeneeeey 168 
Status Register Voce ccc cere ett ttteeeeeeeeees 170 
Status Register 2 vs gcse es Se ahr ede 172 
MPSC? Programming Examples .0.....0...ccccccceccceceeesteescetees 173 
79) 0] (67 11164 || <> eee 193 
Designing with the MPSC? ooo... ccc eeeceeeeent teens 193 
BOBO (86-1 Ve: PIOCOSSONS *ssdal li se rhswvcearinis ds acdir ealatnuts 193 
Other PROCESSOR TY DES vs .iscsdstes csnaclessieealsenceataaaghin cataneates 193 
Using the MPSC? with DMA Controllers o....0.0...0c ee ee 19S 
Vectored Interrupts Without Using PRI oc. Yo. 195 
O- DMA OR :NGOE 16: WMA scpson eo ee Shikai dale ein eS 195 
Handling an SDLC Underrun Fault «0.0.00. 197 
Sending Synchronous Pad Characters 0000.0. 197 
Transmitting Bisync Transparent Mode 0.0.0.0... 197 
Vectoring the MPSC? in Non-Vectored Mode ...........0..0.000. 197 
H. 6522 Versatile Interface Specification 0000.00. 199 
Absolute Maximum RatingS .........00.00..00cccccccecsesseeseeeeeenns 200 
Electhical: CHaraCleriSUGs itech. cd ce eesaachoyaGuniatadinetosemiiece 200 
Read Timing Characteristics 200.000.0000 cccccececcssteseeeeeeeee 201 
Write Timing Characteristics 0.0.0.0... eccccceeeeeeeeenenes 202 
Peripheral Interface Characteristics ...0000000... ccc cccceeseneenees 203 
PIM DSS CHIBUONS. teat tcc hahancisncsansr cet ata deseucsventotsstactes commutes 206 
RESE(RESCt) niente tas oeeei eis PGT Ademunee a iSaehaseandatetideadalor’s 206 
OF. OUD ICIO CK) iatetaasd Site caccenielasttins on shh asta ate Sech tele 206 
YW (ROAO/ WINE) it cdcetacn ss 2aeeadasteshel te Sanaieleewtipentasmaunesatnel 206 
PBOsDB (Dates BUS) ass casita ctviavtueeuncsetdnehuntasaatoae 206 
CO; Cee (CMD SRlOCIS): cieesciets aces sscsncnssevsencigas patamiancaustsens 207 
RSO-RS3 (Register Selects) ooo... cc eeceeecceeeeteeeen 207 
IRQ (Interrupt REQUEST. csi. decicliciccit ss laden dhecsseesteudeds Cuma 207 
PAO-PA7 (Peripheral A Port) 0.000... ccccccccccceeeeesteeeeeeen 207 
CA1, CA2 (Peripheral A Control Lines) oo... ee. 207 
PBO-P87 (Peripheral POM): cc icesecten Asta dvsateredvoseiddd anise 208 
CB1, CB2 (Peripheral B Control Lines) 00.000... 208 


PUNCHONAl DESCHBLON l:fcudishoutivindeaa inde tiedsuasdnee dentate Medion 209 


Por A and Port, B ‘Operation, 22st. ueciene Riese ecient 209 


Handshake Control of Data Transfers... ee 209 
Read: Handshake? sic vested ia i ga Radel 211 

W FIRE ANOS HBKE:: bs scencarsoenmerseredactancradetichiaites vvmutlawbam tye aclstad sign 212 
TAMER DCR AUION. vesigic! coueert eB oaewrones ea atntaien Geshe tee. 212 
Timer 1 One-Shot Mode 0.0... cee teene 214 
Hitler: F ECOG RUN MOdG: sa. oesdaedsncocneieoaap wince ee oatelne st 215 
Tier 2 OO PSTAHON: sri in, caevieetirtsceeareanannemttee mers 216 
Timer 2 One-Shot MOd€ 220... eects 216 
Timer 2 Pulse Counting Mod@. ......0,..,.0csciecossst cities 216 
Shift Register Operation. 2.0 cicwiierad es Varta aietyedien tavheas: 216 
INteIruplObeTalON aun euterusesuand eno eaeatt inn 217 
SH: Disabled (000). aiscsac:doi tersets ioe erepirnineertacaeee burl eeet 218 
Shiftin: Under Control Of Ty (001) ssicscx ani sniae aesacatiedeu. 218 
Shift In Under Control of $5 (010) ..00... ee 218 
Shift In Under Control of External Clock (011) 0.0.0... 218 
Shift Out Free-Running at Tp (100) ooo es 219 
Shift Out Under Control of Tp (101) 00s 219 
Shift Out Under Control of $5 (110) oon 219 
Shift Out under Control of External CB1 Clock (111)... 220 

|. Assembly Language Reference Data .00....... ee 223 
BOSE Register MOdeN iia ctcwics acaronworiact higher ata nema ioinions 223 
OPSrAMG SUMMA. can achcuidt ous late eaten ae mato eeenees 224 
Second Instruction Byte SumMary issagwan ncn detonation 224 
Memory Segmentation Model ..............0 cece etre etree ees 225 
LASITUCTION Set DUA ae iiceeardeas ei aeciaan tees Same eanaael 225 
KEY tO: PAGE HOOtS ois 28s, eae cat an vane caonde Iaeotaavatayt 226 
UVGRAE PARISI Ol ie Fisch aaaceds Aiesdho an Siscaty Hoihe ecepute en naar deides 226 
WIV OVE lec .crncrstherncasde cating aeaaaa mandcteaadte soninio ma thnetihe Wea, 226 
PS RY SS aie Sect nat ik on Aol hatin Pal tend an ous ceamnmac dite ahsioues 227 
POPP OIG eer ti thet, Bh tse ONS It al dadsistnad ed iota sais Seer Reo 227 

MG HG MENA NGS tos aint ear lika hin eae MONS hat en Meret 227 
DNTABORTO Abs AX GORD: fain con eansne cect veer dling eaten 227 
OUT -Outeut rom ALAM TO sciiihi cide sosernrecersiecaandtenoncnia runes 228 
XIAP. Lranslate Byte: 10" Ab: ovat crate teaieiareivaciiyeeanastales 228 
LEA Load EA to Register oo... teeter 228 
LOS Loed Pointerto- DS * success cdyessnetent co adeanlias 228 
LES Load: PointertO-ES “xc. chess secseanantontaaens bec aenaraiterea hh 228 
LAHF Load AH with Flags 00.0... 228 
SAH Store Al (ne: Fags «vec, sis saa livia Sai cet Oey ae aeons 228 
PUPSHIE PSI FLAS. assctincs cians ycuse cits dasa arpa radu ad putea sy ashen Boe 229 
PORE PGp  FiIAGS scicuicwicho avetatudarte tammetereucenn aed ecm 229 
ATI ETIG resi Sh de ih anal aciotnigudcoayaetadenieanved sebydedaaamdnaresdda 229 
PND Peo tac Gch Sets oa a tert chest an rsost’ latte itera it 229 
ADG Ada with Gary. di. crecceicuodcn ae atk dierewe Mairead Salus 229 
ING INGrEMON cc. eecrctacieoessotsagstasy os yieeeess Gens nae aa: 230 
RAR ASCH AOUStIORANGG tic ec olaci tei ied eeer aeons 230 
DAA Decimal Adjust for Add oo... ee 230 
SUB; Subtract? wtwcheot ars tinea eae 230 
SBB Subtract with Borrow ooo... ee 231 
DEC DECrEMent? 2 ccccdsces Sotety ah a has ae es ve Gs oe aeancneeeecette tie 231 
NEG Change SOM: sicsnticvedjemnarenmecteo ta cennn ee 231 
GNP COM Bares ie sb 8 ak heute i tiyidela tes etatsteh cana dip aaieaamiay ete 231 
AAS-ASCIl Adjust fot: Subtract x ).cc.scsepm teed amassataaaadines 232 
DAS Deicma! Adjust for Subtract 0.0... 232 
MUL Multiply (Unsigned) 0.0.0... ee 232 


XI 


IMUL Integer Multiply (Signed) 0.0. 232 


AAM ASCII Adjust for Multiply 0.000000 232 
DIV Divide (Unsigned) 0.0.0.0... teeter eneeeeees 232 
IDIV Integer DIVIDE (SIGNER) sce ngueatectasswiunn eavararanrnereeees 233 
AAD ASCII Adjust for Divide 2000s 233 
CBW Convert Byte to Word oo... ctttttteteeees 233 
CWD Convert Word to Double Word 0.0... ee 233 
OGIO eahe nt be gases en cet aaa ane ides Sete ha. aeedeceenien te te Chg ea Dae Retna 233 
OT VS ees, oi Get cerca sted Shae Meee MA hbnnedtatnsn Hdtacerds 233 
SHL/SAL Shift Logical/Arithmetic Left 0.0 233 
SHAASHith LOGICA SRIQHE  aevc.Fecactsscarwic nciuas seas eloreatecaraesas tease 233 
SAR Shift Arithmetic Right 0.00.00... eee 234 
ROL Rotate: Lett, en tesstteleinndeisi tie eee nde 234 
ROR ROUATOAR IGN ceccaticte ie fect ota abana dasiaeena rig aio 234 
RCL Rotate Through Carry Left oo... ees 234 
RCR Rotate Through Carry Right 0.0.0.0... eereeeeeees 234 
F108 | ge eR eon oe er OR ee eee 235 
TEST And Function to Flags, No Result .....0.. 235 
COO oe cheectcnactcnrn cs teres etic sobes eden atch aniea ns dntpettoheniormasoteee denen 235 
KORMEXCIUSIVE OFS flutist tac dee cdo tabehentecce eine nceecceeertinat hese 236 
SUING WISTS U BUOY scic. 2chs'ndanscoedsatepeel aussomreraseagnecenasmanencertins 236 
PRE RSG ais Seen Fala tre tara taste estes aabcatatac oar Aaa tee eseaeael 236 
WOW S MOVE SURG icicle etioeyaidaaetional eam tanereten anenlis 236 
CMPS. GC Ginipare: Sting. <wAoin is oshen cians ee cate detente. 236 
SCAG SCAN SING tarssiecssactassiohasacenscieatac am aaoaeie aan onions 237 
LODS: BOA SUHAGs adi iissctrietencehe ers ao toetaeeaeeaaienes 237 
SOS SiOre OU NG Sic hone sts ae ae ean Oak Reet pte otitis 237 
CONG! THANS Tel sis saat the hea tnt RR card a e sash hie lal aeeon cals 237 
CAE ralll! pawant Qrcntaptascuehsmintrusennenalansiacastic Sch aekdtntetalmeanddvatalas 237 
JMP Unconditional JUMP 00... eee tt tttttereeees 237 
RR er Priharie alll sat nach iaddarnst tusnlyicana ate ae Gee oneanomeeneeeye: 238 
JE J ZJUMp On: EQUA ZeTOvin hci hi cationcuadetents 238 
JL/JNGE Jump on Less/Not Greater or Equal .........00.. 239 
JLE/JNG Jump on Less or Equal/Not Greater 0.000.000... 239 
JB/JNAE Jump on Below/Not Above or Equal ..........0....... 239 
JBE/JNA Jump on Below or Equal/Not Above ...........0... 239 
JP/JPE Jump on Parity/Parity EV@N: csscccicassusectsc antec, 239 
JO WJUMP ON OVEMIOW~. 1.6 caer nceiaecriede leave ecennatea sitar eaceasba tees 239 
WS VUMP ON SION 8 case ccdsce alae eee gan eeices itl ee rete 1... 239 
JNE/JNZ Jump on Not Equal/Not Zero we 239 
JNL/JGE Jump on Not Less/Greater or Equal 00.0.0... 239 
JNLE/JG Jump on Not Less or Equal/Greater .....0.0....... 240 
JNB/JAE Jump on Not Below/Above or Equal ................. 240 
JNBE/JA Jump on Not Below or Equal/Above .................. 240 
JNP/JPO Jump on Not Parity/Parity Odd oo... 240 
JNO Jip: OF NOE OVETOW sons sa tsapiietemdneamanaaierensdads 240 
JNS Jump on Not Sign oo... centr tetrttteeneees 240 
LOOP Loop OA TIMOS* .s., detrascisctinituesanitane caiedetecaat levees 240 
LOOPZ/LOOPE Loop While Zero/Equal 0.0.0... 241 
LOOPNZ/LOOPNE Loop While Not Zero/Not Equal .......... 241 
JCXZ JUMP ON CX ZELO ooo t teen teen tennees 241 
INT Wnt Ol cscs cea ndtend ct giittereiatdia theioe achive asd dadelaa se 241 
INTO Mnterciipt On: OVvenlow wcisceliwasewn Gatmievaverantaie 241 
PRET * tS rrenot STU saccs setae is sttaii PMer ee ested sa austedacda aoe ote 242 
PFOCESSOF CON oe ecc seed ccdadesdssseesssseessodhiaeesvdecdeuacdiephneredaacetes 242 
GLC Cleat: Gaye tccets ks tecaniet coh ceased ae ete een pages ee 242 


XII 


= 


. Sample SIRIUS 1 Software Drivers 


STG Set Cary si) hia vac pets ae ee tse sal Seattle 
CMG: Complement Gaty, <scave censor dheasteedetanuavearanntinarerei eres 
NOP NG: Operation) since sic enrneaiadlbbhetia setaetteteer 
CED: Clear Direction: cesscccccsce. cis cgastediairiisenes eenteen tine nancy 
STD Set Direction vccecic ce cecccce ti jecescisas gt eterna diorsssevenenteas 
CE Cleat (MleMOpl ssnsutan a ertncan ity huis eee enna tagiered el! 
STE: HART EE DU seis aan steeg tier ce lceseppeenisay bys lui nae el aa Aaa ad 
BTL PI ae erectecects acre ecntalene se thy Oak oh eter Wane 
WA Tie WYN 2 eee 2h Ps us aw ea gai nrann smart eat es ree ore ent vie tiated 
LOCK Bus Lock Prefix oo... cece tetttrttens 
ESC Escape (to External Device) ........... cree 
Processor Reset Register Initialization .....0000.0. ee 
8088 Reserved LOCATIONS 22.0... eee tere cen 
MnemoniclIndex: .0coh2.2 eat rigiudiesscertdarneet ite agree 
8088 Instruction Set Matrix ooo. eeeeeeeeeeeeee cers 
Mnemonic INdOx cc iohe cee Gieecin ch wok deeasoterioea ey eamantattaas Gaiaieetien 


KV DOGG Ate tinct nll tattle Ea an R Oi ca Mura da Mee heituta 
Hardware Bit Definitions 
External ROULINGS 4.5: ccee isd Woe tie Sees eh a ee eet 
IBY DOAIE SIStOW AO cei. ekicrutssctmareatuannnes samdiannceriancecatndseunas Mh 
Keyboard: SUDO ROUTINES oss esr custo gueceesie Ondpreien ude By Aso 

RN sation ss dhesststuoraairesadontasdy add vee skeet nena eae acuerdo aaa: 
Controller Chip Register oo... cece neteteeeeetttettetnes 
Cursor-Display Mode Control ......00....0cceccccceceettteeetteeeettnees 
CUrSOF-POSHIONING - ccs estirnnts pee mecsteaiananinateunienrameyatetios 
Video Contrast and Brightness 0.0.0.0... cee rttees 
Display RAM/FOnE Cells> .s.igescid. cesar vwenualeattie vient laadedate 
Hardware Initialization 00.0000 ceeeceeeeee eee tttteteeeeeees 

DOUGH GC OGSS: fac rcaeii erate telewicts eda oie tite ad haeutenegae anand anomanaee 
Variables and Hardware Definitions ......0...000.00 ee 
Bel iGOntrol eseccciset cbse etce tesa on aids Mataence eadcncs eae dea ucge dausnemenads 


Xlll 


XIV 


FIGURES 
1 Typical Arrangement of SIRIUS 1 Components ............... 1 
2 Main: Logie: Block Diagtamcccncetetls Doers Geers 3 
3 Overlapped Instruction Fetch and Execution ..........0.. 4 
4 Execution and Bus Interface Units .......000 ee 5 
5 GONGETAIROOISTENS © ose ssswedsaiccoonane qareaednod cob tieh aanee tyntgn alec 6 
6 SOGIIENE REGISIElS5 1 Sierce eeereyienet aay 7 
7 FAIS ees cite Ne Al eh Re ae SAE cae Sec ylen has gaat Gs Oh ig 9 
8 8080/8085 Register SUDSEl cacy. eae eet tad 10 
9 Storage: OTGaniZaiOn 2.) auerharqeeth var aeierenantis eaters 10 
10 Instruction and Variable Storage .............. ee 11 
14 Storage of Word Variables .....0...00...000 cee 11 
12 Storage of Pointer Variables .............0...c csr eres 11 
13 Segment Locations in Physical Memory ........0.000.e 12 
14 Currently Addressable Segments 0.0.00... tees 12 
15 Kegical-and. Physical AdGresses stad gecienapiietnes 14 
16 Physical Address Generation 0.00.00... tees 14 
al Dynamic Code Relocation: inci p.cva tenes biases 16 
18 Stack OVPEaliOM,, siiccreSu,s Hasssoxesainiesamnaays Aactocdens meh epaateds 17 
19 Reserved and Dedicated Memory Locations .................. 18 
20 HAerrUpt SOUNCES 20> tae bo ceais eh telah aud arene seeaetine ae cnats 20 
21 Interrlpt Processing SEQUENCE us wicciiceeuaccn dam eine 20 
22 Processing Simultaneous Interrupts .......000. es 24 
23 Interrupt Pointer Table cc iiastet pansies ert eenst teenie 25 
24 Memory Address Computation 0.0.0.0... ee 29 
25 DiRSCR AGGIOSSING: <issucerscicctasatetca Dateless siiredeilens tran verkepenceleter: 30 
26 Register Indirect Addressing ...........0....cc eee 31 
27 Based AddreSSinG cco ack onceisgmawbatacaaiaberatee Meenas 31 
28 Accessing a Structure with Based Addressing ............... 32 
29 lnidexed: AGGESSING \ fc itas eke Sines anes evn as 32 
30 Accessing an Array with Indexed Addressing ................. 33 
31 Based Indexed Addressing .......0..::c.c cece 33 
32 Accessing a Stack Array with Based Indexed 
POE SSIAD secs ty learicahe sted eae Soren tacls ven dea taaan ten tehaaies 34 
33 String: Operand: AGEs stn) sesaccded itn erates awenreetes ss 34 
34 [fOr POrt- RAGE SSSING ses, sodscn saazcsarccspuannariand Seponpeudices otiatepies 35 
35 Audio Section Block Diagram «0.0... 37 
36 Display System Block: Diagram) .....4.2c.:.csniineaiine 39 
37 Display OMeranon’ icc quiet eceriletotdan ania minnegec: 40 
38 Font Gell Example: ssccrccestentrisientecornursts iteddecewiaaerean ta cens 42 
39 Bidck.Digoran’ Ob a FOM GSW xcs siiescstanacenrdnaeentie marc 43 
40 Disk Drive Assembly 20.00.00 c eee ett 44 
41 Disk Track and Sector Layout 00.00.00. 48 
42 Sector FOrMat™ scccsicesccntsseoctctesyprie ee teecucaes Cee chone bee Same 50 
43 ProC@SSOP UIE oecicectinte cs yenieehee ts ide ila od ate 52 
A-1 Strid, O PSranOn FIOW 22% escent ccearetecartis sana: 61 
A-2 Flag: SOrage 7 OnNals 22: vce cect radia eee tee 62 
B-1 EXDANSION: GONMECION: ord cacxa ners star sls io aoe ee neatst 87 
B-2 Expansion Bus interface TRING «cinerea iets irom 88 
D-1 Display System: Organization so. i3.cie ns hetcuisetemineesen 95 


XV 


D-2 Screen Buffer Word Formal: occu vcclie dh eee duces 
D-3 CUS Ol COMO oie, lf bec cate tate vvaedadietadntaleess a dl ea anil catedtysd 
F-1 Keyboard Timing Diagram |... 25..0:c0cccesceescdeescesinestivicies 
G-2.1 PUNGUORMEI NOU iC harcore eatin ls ey, sate me tales tooadienihenast ty 
G-2.2 PVE OM OUR AUN Ms, doneotnacises Meera: aehtinde ti inl ava agli s GronietaaTb es 
G-2.3 SYNC Output, External Synchronization 0000000000. 
G-2.4 SYNC Output, Internal Synchronization 00000000000, 
G-3.4 Asynchronous Data Character Format ...00000...0000. 
G-3.2 BISYNC Message Format 0.0.0.0... cccccccecceeeeseeeesseeerenees 
G-3.4 BSG OLS PIANO aos reiterate tinadoeca en dontnts 
G-4.1 EIOCK ADIAEIND, ls es ei cate scl Seely calesnaey ced ate aaa as ge ills nnaueiay 
G-4.2 Block Diagram MPSC? Transmitter oo... 
G-4.3 Data Format Example for Less Than 

B Bis) CHAGACIER 2) scars este Gainey betradylaiul dette itateadeedes 
G-4.4 — Block Diagram MPSC? Receiver oo....cccccccccceeccceeeeeeee. 
G-4.5 Bus Intefface- Controller: ccc c4sc.c sakes Givdisisdeawsmunee 
G-4.6 MPSC? Interrupt Conditions oo... ccccccccecececeeeeceeeeeee 
G-4.7 FalGciA gw, ©) Uys Bi (ed 019 eaenieeaeete treme me Mie eer ice i eenn mie ert enee tT te ane 
G-4.8 DMA Data Transfer Timing .....0..00...000ccc cece cceeccteeee ees 
G-4.9 Walt WO MAING << ohh ely Ale cide aaa tater leds tata tia 
G-5.1 COGIC OISUST ied oe cok odsan Se creo siocapamnatons tanned acids 
G-5.2 COPIEC AE GISCOT I Vac caly su tootieiteealyhntuace tg sieciae See eIeAR GR oe 
G-5.3 Control Register 2 (Channel A) oo... cccceeeeee 
G-5.4 Control Register 2 (Channel B) ooo... eececeeeeeeeee 
G-5.5 SOMUPOI SUISSE SD sic tna thaactecusencartdt aback cachiutae statactesaed anak thay 
G-5.6 COMMOMREGISHOR A’ 5 sr casananasdvnakeseaoahoianesatd thon revi nieasedneceote 
G-5.7 COMMOLREGISIEN: 8 so ntesiivintventomsangnie enact iar eae ede 
G-5.8 COnwol REGIStER 6a. ics cats vwethesens Au lacsh cuts wes ca dee cosa teense eas 
G-5.9 Control Reaister 7 0 eee, . 
G-5.10 Status Register Oo... sceecescerseecnseeusteemtinee 
Geol “STRAUS REGISIEr nts. 2 acuity tcltyiith teu dnerduarnarcunced semi 
WRG Ne* OTATS RC OISIO Fea, inti teehee Stes SIR ad 0 a ie nec ate 
G-5.13 Asynchronous Initialization for Polled Transmit 

VIG TRG CEIN Gs. a rrenalahsseis sale Ueawaceesdinvian eeeccedoxtatale cusetiats 
G-5.14 Asynchronous RECEIVE ooo. ccccccccceeccseceereeeeevsteseeees 
G-5.15 Asynchronous Transmit 20... cceccecceeeeseceetseeeteeeres 
G-5.16 Bisyne Initialization Transmit oo... ccccceeceececreees 
G-5.17 — Bisync Initialization Receive oo... ccecceeeeeeeereee 
G-5.18 SDLC Initialization Transmit ooo. eecereeeree 
G-5.19 SDLC Initialization Receive ooo... cceceecseeteeereee. 
G-6.1 uPD720I Interface to 8080 Standard System Bus 

CINORRIDIVIAL)) taatinalsinatcecddnedee a amersl oa bavaneachysoummetietad 
G-6.2 6800/6502 to MPSC? Adapter ooo... cc cecccececesesseseeeees 
G-6.3 6800/6502 to MPSC® Adapter oo... cccccccccceccsecsceesseseeees 
G-6.4 INTA <GOnerator TOR 2580. isd cis vicv teeter Gs oes eta paadnno thy 
G-6.5 DMR ROH ACOs vas acetate ta ctr ve adccrmn bons teueluh syeadag Sones 
G-6.6 Priority Resolution Circuit for 

Nondaisychained Devices oo... ccccceecceeeeee. 
H-1 SO oee BIOCK LNAQFAM sais) masta causessitona Sve hneeetentacece aaa: 
H-2 Test Load (for All Dynamic Parameters) 000... 
H-3 Read Timing Characteristics 00000000000 ceceeeceeeeeees 
H-4 Write Timing Characteristics o000000..o i ceccccceeecerteees 
H-5a CA2 Timing for Read Handshake, Pulse Mode ............... 
H-5b CA2 Timing for Read Handshake, Handshake Mode ..... 
H-5¢ CA2, CB2 Timing for Write Handshake, Pulse Mode ...... 
H-5d CA2, CB2 Timing for Write Handshake, 


XVI 


on 
© 


SP Ee SE ae ce a oe a 2 2 ee SE a, Se a. a ae oe 


OnAhWNMHFT DOAN ODNAABWNM+ OO 


Handshake: Mod@ ....2c3cei kn dos eee thas: 204 


Peripheral Data Input Latching Timing 0.0.0.0... 205 
Timing for Shift Out with Internal or 

External Shift Clocking .2....00000c ccc ce ceeeteeeenee 205 
Timing For Shift In with Internal or 

External nit ClOCKing: 2iaccA. on ot ales scuebehen uadeeaeeus 205 
External Shitt Clock Timing 3 c.yset.. 00.4 ccctioeseeseyecmecyveigudas 206 
Pulse Count Input Timing 200000000000 eecec ces 206 
SY6522 Internal Register Summary .........000...0.ee 207 
Penpheral AO: Outout Creu 22.03 casonrce tater iedasutss 208 
Peripheral B Port Output: Circuit 22.2... cscicrcs ot accediecteesctes 208 
Output Register B (ORB), Input Register B (IRB) ............ 210 
Output Register A (ORA), Input Register A (IRA) ............ 210 
Data Direction Registers (DDRB, DDRA) ...........00000000.... 211 
Read Handshake Timing (Port A, only) ........000000 ee, 211 
Write Handshake Timing... cecee cc ccceetseeeeeeeeetttes 212 
Rohs OAD, Gd, ACCOUNT OL 2%: Shige attendees ttd caste 213 
TA Counter RediSters: 23 is. ts Aen vaadacwnasaces 213 
Ey HE UGE VOOISLORS =e. nstuneer ain sanpsdatevensancs Abana concheadahineatiadeas 213 
Auxiliary Control Register o........0ccccccccceceeeectrneeeas 214 
Timer 1 and Timer 2 One-Shot Mode Timing ................. 214 
Timer 1 Free-Run Mode Timing ..............cccccceeeeee nee 215 
Pe GOUMET RO GISHOIE: sitet uladn Pant vents snctvlercmativarshetelacasuiers 216 
Timer? Pulse Counting MOGG> .c0.8.25 2c alse ate ce 217 
SR and ACR Control Bits 00.000 eeceteeeeeeey 217 
Shift Register Input Modes ooo... ceeeeeeees 219 
Shift Register Output Modes 200... ecceceeeerees 220 
Interrupt Flag Register (IFR) .........00000cc eee 220 
Interrupt Enable Register (IER) oo... eee 221 


XVII 


XVIll 


1 Implicit Use of General Registers ..0.....000 ee 7 
2 Logical Address Sources ooo... ect eees 15 
3 INTSMUPT PRiOFitlOS sch se cunsoker eae an Ame letter thane yee teens 23 
4 CPU State Following RESET ooo... eres 28 
5 Effective Address Calculation Time |... 30 
6 DOCTOR COMPONOMtS 0.5 cs cuceousieucea, bales cot ieee Mater eens 50 
7 MACK: FORMAL » Sessile eck tects eeacideacueates a neecetecageeaeeers Oeeeede 51 
A-1 Data Transfer Instructions 2000.00... 58 
A-2 Arithmetic Instructions 00.000 ee cette tteeereeeey 63 
A-3 Arithmetic Interpretation of 8-bit Numbers ............ 63 
A-4 Bit Manipulation Instructions .....0.000. ee 69 
A-5 ECO MIAISIT ECHOING: sin Serle he ed iG danish atte belts #2 
A-6 String Instruction Register and Flag Use ........0..0.00... 72 
A-7 Program Transfer Instructions 20.0.0... tee 75 
A-8 Interpretation of Conditional Transfers ...0..00 ee 78 
A-9 Processor Control Instructions .......00....00. ce 80 
B-1 Expansion Bus. Pin: DeNNINON (5, dccuniccntsudsciniesnie ss 83 
B-2 Expansion BUS LOSI <3 p.cccpiispeentsxnascoendieieedesaesiene 86 
B-3 Inputs Driven with Open Collector Drivers ........0.0....00.. 86 
B-4 Inputs Direct to System 8259 ooo. 86 
C-1 BAIA. LPI MOG Ye ats: vencanasts.tedavag uit tien eas ems a riaive nae ahaa ey 89 
C-2 B26 SCAMMER AGI): 11) if crrent strata bantdukssaucicnsasienh anon eile 89 
C-3 P20) (COMM C PER OD?) i. ccs siarcernadaxtoioWaumauamr gid meant 90 
C-4 HE46505S CORTC CSO) cia cxestlensadscesuhaanntatesunesqutaseesnds 90 
C-5 B522(VIA TT CST) penile aot dade catia Seth eag discerned yes 91 
C-6 GOLAN A OR!) i icte.coant oh hiss tcanate oa tantemauigaaut partment aitteed 91 
C-7 6802 (SODA CSA) cba cticcted ct macehnanansie intimate sete 92 
C-8 IE DANG Gear tet Stars ens decease Foam lgelyeauserta bas 92 
C-9 GB22 AVIRA CSB) sice Mepeais bust Sencha cect aeutes datasets Wo dedbe aseetioes 93 
C-10 Be (IO COT so sts scdaec damask ingens aunts mem naears rere: 93 
C-11 BIE NIAC ST Vt orctnct as hiti ge vadeuinsen does tlatennncsntate tartar deanna 94 
D-1 Recommended Values for CRTC Register Initialization .. 99 
D-2 Pulse Width of Vertical Sync Signal oo... 102 
D-3 Pulse Width of Horizontal Sync Signal 0.00... 102 
D-4 Interlace Mode (DO, D1) oo. ee 103 
D-5 DISPTMG: SkewsBit (D1). D6). ie a forletiecte cee beaeyti tenes 103 
D-6 Cursor Skew Bit (D5, D4) oes 103 
D-7 Cursor Display Mode (D6, D5) ooo. 105 
D-8 Programmed Values into the Registers .....0..0. 106 
D-9 Output Raster Address in Interlace Sync 
and Video MOde@ ooo... t tent en eees 107 
Be SSDA- Programming MOdEI i.ccccdee uct nl soitatulasesbsnwns 114 
E-2 SLPS y NG CONMON BIL avandia ci tie dutotevetniauinnseinemeuacetae 118 
E-3 Word Length Select 2.0.0.0... ete eter eeeee rene 122 
E-4 SM/DNRsOutbut COnioy: 41. cudiedte drat ga neat: 122 
E-5 Definitions and Functions of Pins oo... 124 
F-1 Pin -ASSIGHMEML: jssececasssceacstvss scented Assume nueet den ett 126 
F-2 Switching CharacteristicS 00.0.0. eee 127 
G-4.1 Transmitter Control and Status Registers 0.000. 139 


XIX 


1 


AAADAAAAGAAGR RAK 
-—- + OON ONS WMH APWP 


= 


i ‘ ' U ' 1 ' 1 { 1 


nich 
es 
oh 


Ob Ooms 


t 


f 


TITIIDD DODDDDDDADODDOMMAD 


Receiver Control and Status Registers 20.0000, 143 


Read/Write Selection oo... eeeee 148 
Bus Interface Controller Control and Status Registers 149 
Vectored Interrupt Mode oo... tet eee 150 
Control REGIStEDS 24... avete ot Set a dste aa ar ee le 154 
Status REGISTENS::. 2045hidteeKesnesla ontaceeatanintadony darts esha ane duke 155 
DMA Mode Selection oo... tree teees 160 
DMA/Interrupt Priorities ooo. ee tteeeeeees 160 
Interrupt Acknowledge Sequence Response ................... 160 
Received Bits/Character .0.000000ciccct ett teetetees 162 
SLOP: BUS! ok pseu del aerate etd iante ned Dew ede mac 163 
Synchronous FormatsS 2.0... tee e ttt 164 
CIOCKiRALCS: 225 Fahsesiuniaedan tei letauesee ey SUN ei ecei aes} 164 
Transmited Bits/Character ......0000 ccc teee ee eeeees 166 
Transmitted Bits/Character for 5 Characters 

£21 10 fl EX = Io} ae a a ea 166 
RESIGUG CODES cri otias Ged ieaktcrh When cites deca aa ctanten cous 171 
Condition Affects Vector Modifications 0.0.0.0... 173 
Absolute Maximum RatingS ............... eect cece 200 
Electrical Characteristics 0000000 e eee tteeee eet eeey 200 
Read Timing Characteristics 00.000. 201 
Write Timing Characteristics 000.0000 tenes 202 


Peripheral Interface Characteristics 0.0.00... 203 


SYSTEM DESCRIPTION 


SITIUS” 


1. SYSTEM DESCRIPTION 


The SIRIUS 1 microcomputer is designed for maximum operator 
comfort and ease of use. The system is composed of three modules, 
and occupies the desk space normally needed for an office 
typewriter. Its modules are: the processor unit, the display unit, and 
the keyboard unit. Coiled cables interconnect these stand-alone 
modules, allowing easy positioning and mobility. A standard 
configuration is shown in Figure 1. 


Figure 7: Typical Arrangement of Sirius 1 Components 
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SIRIUS 1 can be connected to a wide variety of peripherals and 
accommodates local and long distance communications. Standard 
interfaces include a parallel port (Centronics or IEEE-488), 
programmable RS-232(V-24) channels, an internal control port, and an 
audio controller for digitized voice and tone output. 
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The processor unit physically supports the display unit, as shown in 
Figure 1. The main logic, disk drives, and power supply are housed in 
the processor unit. The two integral single-sided 5 1/4-inch floppy 
disk drives store up to 1.2 megabytes of information. The system 
incorporates a minimum 128K bytes of random access memory 
(RAM), expandable to 512K bytes. 


The display unit swivels and tilts to permit optimum adjustment of the 
viewing angle, and the unit incorporates a 12-inch antiglare screen to 
prevent eye strain. The display is 25 lines; each line has 80 
characters. Characters are formed in a 10-x-16 font cell, providing a 
high resolution display. A bit-mapped graphics mode with 800-x-400- 
dot matrix screen resolution is available under software control. 
Software also controls the overall screen brightness, character 
contrast, and audio volume. 


The keyboard unit is designed for comfort and ease of operation. It is 
completely software definable and features several keys that are 
specifically designed for special-function use in application programs. 
The keyboard contains separate typewriter and numeric/calculator 
keypad configurations, double-size general-function keys, special- 
function keys; and editing and cursor-control keys. A cluster of keys 
is also used to manipulate screen brightness, character contrast, and 
audio volume. 
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2. PROCESSOR UNIT 


The heart of the SIRIUS 1 processor unit is the Intel 8088 micro- 
processor. This processor is a version of the Intel 16-bit 8086 
processor that contains an 8-bit bus interface. The 8088 is software- 
compatible with the 8086, and thus supports 16-bit operations, 
including multiply and divide. The processor has a 20-bit physical 
address space, providing 1 megabyte of addressable memory 1|/O. 


As indicated earlier, the processor unit is the module that physically 
supports the display unit. It contains three basic assemblies: the main 
logic board, the disk drive assembly, and the power supply. 


As shown in Figure 2, the main logic board is comprised of the 
central processing unit (CPU) section, the input/output (I/O) section, 
the display section, the disk interface section, and the expansion bus. 


Figure 2: Main Logic Block Diagram 
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Microprocessors execute programs by cycling through the following 
four steps: 
1. Fetch the next instruction from memory. 
. Read an operand (if required by the instruction). 
. Execute the instruction. 
. Write the result (if required by the instruction). 


& W PO 


These steps have historically been performed in a series or with a 
single bus cycle fetch overlap. The architecture of the 8088 CPU 
allocates the same steps to two separate processing units within the 
CPU. The execution unit (EU) executes instructions. The bus interface 
unit (BIU) fetches instructions, reads operands, and writes results. 


The two units operate independently of each other, thus allowing 
overlap of instruction-fetch activity and instruction-execution activity. 
The time required to fetch instructions “disappears” because it no 
longer impacts instruction execution time; the next instruction to be 
executed by the EU has always already been fetched by the BIU. 
Figure 3 provides an example which illustrates this overlap and 
compares it to traditional microprocessor operation. In the example, 
overlapping reduces the elapsed time required to execute three 
instructions, and, during that execution time, allows two additional 
instructions to be fetched. 


Figure 3: Overlapped Instruction Fetch and Execution 
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All registers and data paths in the EU are 16 bits wide, providing for 
fast internal transfers. CPU status and control flags are maintained in 
the EU by a 16-bit arithmetic/logic unit (ALU) that manipulates the 
general registers and the instruction operands (Figure 4). 


Figure 4: Execution and Bus Interfa 
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The EU is not connected to the outside world via the system bus. It 
Obtains instructions from a queue maintained by the BIU. When an 
instruction requires access to memory or to a peripheral device, the 
EU sends a request to the BIU to store or obtain the data. The BIU 
performs an address relocation that gives the EU access to a full 
megabyte of memory space. 


The BIU performs all bus operations for the EU. Upon demand from 
the EU, the BIU transfers data between the CPU and the memory or 
an |1/O device. 


While the EU is executing instructions, the BIU fetches instructions 
from memory. The instructions are stored in an internal RAM array 
called the instruction stream queue. The 8088 instruction queue holds 
up to four bytes of the instruction stream. The queue size is sufficient 
to allow the BIU to keep the EU supplied with fetched instructions 
without monopolizing the system bus. The BIU fetches another 
instruction byte whenever: (1) one byte in the queue is empty and (2) 
there is no active request for bus access (Figure 3). 


The instruction queue usually contains at least one byte of the 
instruction stream; the EU does not have to wait for instructions to be 
fetched. The instructions in the queue are those stored in the memory 
locations immediately adjacent to and higher than the instruction 
currently being executed. That is, the queue contains the next logical 
instructions, as long as execution proceeds serially. If the EU 
executes an instruction that transfers control to another location, the 
BIU resets the queue, fetches the instruction from the new address, 
passes it immediately to the EU, and then begins refilling the queue 
from the new location. 


The BIU suspends instruction fetching whenever the EU requests a 
memory or |/O read or write. A fetch already in progress is 
completed before the EU’s bus request is executed. 


General Registers The 8088 has eight 16-bit general registers (Figure 5). The general 
registers are divided into two sets of four registers: the data registers 
called the H&L group (H&L stands for “high and low’), and the 
pointer and index registers which are called the P&l group. 


Figure 5: General Registers 
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The data registers are unique in that their upper (high) and lower 
halves are separately addressable. Each data register can be used 
interchangeably as a 16-bit register or as two 8-bit registers. 
However, the CPU registers are always accessed as 16-bit units. 
Data registers can be used without constraint in most arithmetic and 
logic operations. Certain instructions use specified registers implicitly 
(see Table 1), allowing compact, powerful encoding. 


Segment Registers 


Table 1: Implicit Use of General Registers 


REGISTER OPERATIONS 

AX Word multiply, word divide, word |/O 

AL Byte multiply, byte divide, byte !/O, translate, decimal 
arithmetic 

AH Byte multiply, byte divide 

BX Translate 

CX String operations, loops 

CL Variable shift and rotate 

DX Word multiply, word divide, indirect |/O 

SP Stack operations 

S| String operations 

Di String operations 


The pointer and index registers can also participate in most arithmetic 
and logic operations. All eight general registers fit the definition of 
“accumulator,” as used with first and second generation 
microprocessors. The P&l registers (except for the BP register) are 
also used implicitly in some instructions, as shown in Table 1. 


One megabyte of memory space is divided into logical segments of 
up to 64K bytes each. The CPU has direct access to four segments 
at a time. The starting location (the base address) of each segment, 
is contained in the segment registers (see Figure 6). The CS register 
points to the current code segment; instructions are fetched from this 
segment. The SS register points to the current stack segment; stack 
operations are performed on locations in this segment. The DS 
register points to the current data segment and generally contains 
program variables. The ES register points to the current extra. 


The segment registers can be accessed by programs and 
manipulated with several instructions. 


Figure 6: Segment Registers 
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The 16-bit instruction pointer (IP) is similiar to the program counter 
(PC) in the 8080/8085 CPUs. The IP points to the next instruction. It 
is updated by the BIU so that it contains the offset (distance in bytes) 
of the next instruction from the beginning of the current code 
segment. During norma! execution, the IP contains the offset of the 
next instruction to be fetched by the BIU. Whenever the IP is saved 
on the stack, it is automatically adjusted to point to the next 
instruction to be executed. Programs do not have direct access to the 
IP; however, instructions cause the IP to change and to be saved on 
and restored from the stack. 


The 8088 has six 1-bit status flags that the EU posts (Figure 7). The 
flags reflect specified properties of the result of an arithmetic or logic 
operation. Different instructions affect the status flags differently. 
Another group of instructions is available that allows a program to 
alter its execution, depending on the result of a prior operation. This 
result is indicated by the state of these flags. Examples of conditions 
reflected by the flags are described below: 


» The auxiliary carry flag (AF) is set when a carry out of the low 
nibble into the high nibble or a borrow from the high nibble into the 
low nibble of an 8-bit quantity (low-order byte of a 16-bit quantity) 
has occurred. This flag is used by decimal arithmetic instructions. 


» The carry flag (CF) is set when a carry out of, or a borrow into, 
the high-order bit of the result (8- or 16-bit) has occurred. This flag 
is used by instructions that use the CF to add and subtract 
multibyte numbers. Rotate instructions also isolate a bit in memory 
or in a register by placing it in the CF. 


» The overflow flag (OF) is set when an arithmetic overflow has 
occurred; that is, a significant digit has been lost because (i.e., the 
size of the result exceeded the capacity of its destination location). 
An interrupt on overflow instruction is available to generate an 
interrupt in an arithmetic overflow. 


» The sign flag (SF) is set when a result’s high-order bit is a 1. 
Negative binary numbers are represented in the 8088 in standard 
two's complement notation. SF indicates the sign of the result 
(O=positive, 1=negative). 


» The parity flag (PF) is set when the result has even parity (an 
even number of 1-bits). 


» The zero flag (ZF) is set when the result of the operation is 0. 


Three additional control flags (Figure 7) can be set and cleared by 
programs to alter processor operations: 


» Setting the direction flag (DF) causes string instructions to auto- 
decrement (to process strings from high addresses to low 
maskable) interrupt requests. Clearing IF disables these interrupts. 
IF has no affect on nonmaskable interrupts generated externally or 
internally. 


» Setting the trap flag (TF) puts the processor into single-step mode 
for debugging. In this mode, the CPU automatically generates an 
internal interrupt after each instruction, allowing a program to be 
inspected as it executes each instruction. 
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8080/8085 Register The registers, the flags, and the program counter in the 8080/8085 
and Flag CPUs have counterparts in the 8088 CPU (see Figure 8). The A 
Correspondence register (accumulator) in the 8080/8085 corresponds to the AL 


register in the 8088. The 8080/8085 H&L, B&C, and D&E registers 
correspond to registers BH, BL, CH, CL, DH, and DL, respectively, in 
the 8088. The 8080/8085 stack pointer (SP) and program counter 
(PC) correspond to the 8088 SP and IP. 


The AF, CF, PF, SF, and ZF flags are the same in both CPU families. 
The remaining 8088 flags and registers are unique to the 8088. The 

8080/8085 to 8088 mapping allows direct translation of most existing 
8080/8085 program code into 8088 program code. 
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Figure 9: Storage Organization 
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The 8088 has 1,048,576 bytes of address space. This section 
describes how memory is functionally organized and used. 


STORAGE ORGANIZATION The 8088 memory storage space is 
organized as an array of 8-bit bytes (see Figure 9). Instructions, byte 
data, and word data may be stored at any byte address, regardless of 
alignment. This technique saves storage space because code can be 
densely packed in memory (see Figure 10). 
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Figure 10: Instruction and Variable Storage 
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The most-significant byte in word data is always stored in the higher 
memory location (see Figure 11). This storage convention is 
“invisible” to the user except when the user monitors the system bus 
or reads memory dumps. A special class of data is stored as double 
words (i.e., two consecutive words) called pointers, which are used to 
address data and code outside the currently-addressable segments. 
The lower-addressed word of a pointer contains an offset value, and 
the higher-addressed word contains a segment base address. Each 
word is stored conventionally with the higher-addressed byte 
containing the most significant eight bits of the word (see Figure 12). 


Figure 11: Storage of Word Variables 
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Figure 12: Storage of Pointer Variables 
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SEGMENTATION 8088 programs view the megabyte of memory 
Space as a group of segments defined by the application. A segment 
is a logical unit of memory up to 64K bytes long. Each segment 
contains contiguous memory locations and is an independent, 
separately-addressable unit. Software assigns each segment a base 
address, which is the segment’s starting location in the memory 
space. All segments begin on 16-byte memory boundaries. There are 
no other disjoint, partially overlapped, or fully overlapped (see Figure 
13). A physical memory location may be mapped into (contained in) 
one or more logical segments. 
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The segment registers contain (point to) the base address values of 
the four currently addressable segments (see Figure 14). Programs 
access code and data in other segments by changing the segment 


registers to point to the segments containing the needed code or 
data. 
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Individual applications define and use segments differently. The 
currently-addressable segments provide a generous work space: 64K 
bytes for code, a 64K byte stack, and 128K bytes of data storage. 
Many applications can be written that simply initialize the segment 
registers and then forget them. However, large applications should be 
designed with careful consideration given to segment definition. 


The segmented structure of the 8088 memory space supports 
modular software design and discourages the development of huge, 
monolithic programs. — 


The segments can be used to advantage in many programming 
situations—for example, when programming an editor for several on- 
line terminals. A 64K text buffer (probably an extra segment) could be 
assigned to each terminal. A single program could maintain all the 
buffers by simply changing register ES to point to the buffer of the 
terminal requiring service. 


PHYSICAL ADDRESS GENERATION There are two kinds of 
memory location addresses: physical and logical. A physical address 
is a 20-bit value that identifies each byte location in the megabyte 
memory space. Physical-address range varies from OH through 
FFFFFH. All exchanges between the CPU and memory components 
use physical addresses. 


Programs use logical addresses, which allow code to be developed 
before the code is assigned physical addresses. This technique 
facilitates dynamic management of memory resources. 


A logical address consists of two values: a segment-base value and 
an offset value. The segment-base value for any memory location is 
the value that defines the first byte of the segment. The offset value 
is the number of bytes from the beginning of the segment to the 
target location. Segment-base and offset values are unsigned 16-bit 
quantities. The lowest addressed byte in a segment has an offset 
value of 0. Different logical addresses can map to the same physical 
location, as shown in Figure 15. The physical memory location 2C3H 
shown in Figure 15 is contained in two different overlapping 
segments, one beginning at 2BOH and the other at 2COH. 
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Figure 15: Logical and Physical Addresses 
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When the BIU accesses memory to fetch an instruction, or to obtain 
or store a variable, it generates a physical address from a logical 
address. It does this by (1) shifting the segment-base value four bit 
positions, and (2) adding the offset value, as illustrated in Figure 16. 
This addition process results in modulo 64K addressing, which 
causes addresses to wrap around from the end of a segment to the 
beginning of the same segment. 


Figure 16: Physical Address Generation 
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The BIU obtains the logical address of a memory location from 
different sources, depending on the type of reference that is being 
made (see Table 2). Instructions are always fetched from the current 
code segment. The IP contains the offset of the target instruction 
from the beginning of the segment. Stack instructions always operate 
on the current stack segment. The SP contains the offset of the top 
of the stack. Most memory operands reside in the current data 
segment, although the program can instruct the BIU to access a 
variable in one of the other currently addressable segments. The 
offset of a memory variable is calculated by the EU; the calculation is 
based on the addressing mode specified in the instruction, and the 
result is called the operand’s effective address (EA). 
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TYPE OF SEGMENT SEGMENT 
MEMORY REFERENCE BASE BASE OFFSET 
Instruction fetch CS NONE IP 
Stack operation Ss NONE SP 
Variable (except following) DS CS, ES, SS Effective address 
String source DS CS, ES, SS S| 
String destination ES NONE DI 
BP used as base register SS CS, DS, ES Effective Address 
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Strings are addressed differently than other variables. The source 
operand of a string instruction usually lies in the current data 
segment, however, another currently-addressable data segment may 
be specified. The source operand’s offset is taken from register S| 
(the source index register). The destination operand of a string 
instruction always resides in the current extra segment, and its offset 
is taken from DI (the destination index register). The string 
instructions automatically adjust SI and DI as they process the strings 
one byte or word at a time. 


When register BP (the base pointer register) is designated as a base 
register in an instruction, the variable is assumed to reside in the 
current stack segment. Using register BP is a convenient way to 
address data on the stack. The BP register can be used to access 
data in any of the other currently addressable segments. 


Programmers usually find the segment assumptions of the BIU 
convenient to use. A programmer can, however, direct the BIU to 
access a variable in any of the currently-addressable segments by 
preceding an instruction with a segment override prefix. This 1-byte 
machine instruction tells the BIU which segment register to use to 
access a variable referenced in the following instructions. The only 
exception to this is a string instruction’s destination operand, which 
must be located in the extra segment. 
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DYNAMICALLY RELOCATABLE CODE Dynamically relocatable—or 
position-independent—programming is made possible by the 
segmented memory structure of the 8088. The dynamic relocation 
technique makes effective use of available memory by taking 
advantage of the system's multiprogramming/ multitasking capabilities. 
Inactive programs can be written to disk, making the space they 
occupied available to other programs. A disk-resident program can be 
read back into any available memory location and restarted. When a 
program needs a large contiguous block of storage and only 
nonadjacent fragments are available, other program segments can be 
compacted to free up a contiguous space (Figure 17). 


Figure 17; Dynamic 
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To be dynamically relocatable, all offsets in the program must be 
relative to fixed values contained in the segment registers. This allows 
the program to be moved anywhere in memory as long as the 
segment registers are updated to point to the new base addresses. A 
dynamically relocatable program must not load or alter its segment 
registers and must not transfer directly to a location outside the 
current code segment. 


STACK IMPLEMENTATION Stacks in the 8088 are implemented in 
memory. They are located by the SS (the stack segment register) and 
the SP (the stack pointer register). A system may have an unlimited 
number of stacks. Each may be the maximum length of a segment, 
64K bytes. 


Attempting to expand a stack beyond 64K bytes overwrites the 
beginning of the stack. Only one stack is directly addressable at a 
time; this stack is the current stack, often referred to simply as “the” 
stack. SS contains the base address of the current stack. SP contains 
the offset of the top of the stack from the stack segment’s base 
address. The stack’s base address (contained in SS) is not the 
“bottom” of the stack. 


Stacks are 16 bits wide. Instructions that operate on a stack add and 
remove stack items one word at a time. An item is pushed onto the 
stack (see Figure 18) by decrementing SP by 2 and writing the item 
at the new TOS (top of stack). An item is popped off the stack by 
copying it from TOS then incrementing SP by 2. In other words, the 
stack grows down in memory toward its base address. Stack 
operations never move or erase items on the stack. The TOS 
changes only as a result of updating the stack pointer. 
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DEDICATED AND RESERVED MEMORY LOCATIONS Two areas 
in extremely low and high memory—OH through 7FH (128 bytes) and 
FFFFOH through FFFFFH (16 bytes)—are dedicated to specific 
processor functions or are reserved for use by hardware and software 
products (Figure 19). These areas are reserved for interrupt and 
system reset processing, and should not be used for any other 
purpose. 


FIGURE 19: Reserved and Dedicated Memory 
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8086/8088 MEMORY ACCESS The 8088 always accesses memory 
in bytes. Word operands are accessed in two bus cycles, regardless 
of their alignment. Instructions are also fetched one byte at a time. 
Although word operand alignment does not affect performance, 
locating 16-bit data on even addresses ensures maximum throughput 
if the system is transferred to an 8086. 


MEMORY-MAPPED 1/0 |/O devices may be placed in the 8088 
memory space. The CPU cannot tell the difference between I/O 
devices as long as each device responds as a memory component. 


Memory-mapped |/O provides programming flexibility. Instructions that 
normally reference memory may be used to access an I/O port 
located in the memory space. The move (MOV) instruction, for 
example, can transfer data between any 8088 register and a port. 
AND, OR, and TEST instructions may be used to manipulate bits in 
\/O device registers. Memory-mapped |/O takes advantage of the 
8088 memory addressing modes. For example, a group of terminals 
can be treated as an array in memory with an index register selecting 
a terminal in the array. 
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However, a price is paid for the added programming flexibility that 
memory-mapped |/O provides. Dedicating part of the memory space 
to |/O devices reduces the number of addresses available for 
memory (although with a megabyte of memory space this should 
rarely be a constraint). Also, memory reference instructions take 
longer to execute and are less compact than simpler IN and OUT 
instructions. 


DIRECT MEMORY ACCESS The 8088 provides hold (HOLD) and 
hold acknowledge (HLDA) signals that are compatible with traditional 
DMA controllers. By activating HOLD, a DMA controller can request 
use of the bus for direct transfer of data between an !/O device and 
memory. The CPU responds by completing the current bus cycle (if 
one is in progress) and then issuing HLDA, which grants the bus to 
the DMA controller. The CPU does not attempt to use the bus until 
HOLD goes inactive. 


WAIT AND TEST The 8088 can be synchronized to an external 
event with the WAIT (wait for TEST) instruction and the TEST input 
signal. When the EU executes a WAIT instruction, the result depends 
on the state of the TEST input line. If TEST is not connected to or 
receiving an external signal, the processor enters an idle state and 
repeatedly retests the TEST line at 5-clock intervals. If TEST is 
connected to an external signal source, execution continues with the 
instruction following the WAIT. 


In the SIRIUS 1, the TEST input is connected to a “byte ready” signal 
from the floppy disk controller. This allows the processor to 
synchronize data transfer operations. 


Microcomputer system design requires that |1/O devices such as 
keyboards, displays, sensors, and other components receive efficient 
servicing to ensure that the microcomputer can perform a large 
number of system tasks with little or no effect on throughput. 


One desirable method for ensuring efficient servicing is to allow the 
microprocessor to execute its main program, stopping to service 
peripheral devices only when told to do so by the device itself. In 
effect, this method provides an external asynchronous input which 
informs the processor to complete whatever instruction is currently 
being executed and to fetch a new routine to service the requesting 
device. Once this servicing is complete, the processor resumes 
exactly where it left off. 


The 8088 interrupt system is a simple and versatile interrupt system. 
Every interrupt is assigned a type code that identifies it to the CPU. 
The 8088 can handle up to 256 different interrupt types. Interrupts 
may be initiated by devices external to the CPU, or they may be 
triggered by software interrupt instructions and, under certain 
conditions, by the CPU itself, as illustrated in Figure 20. Figure 21 
illustrates the basic response of the 8088 to an interrupt. The next 
sections elaborate on the information presented in Figure 21. 
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EXTERNAL INTERRUPTS External devices can use two lines in the 
8088 to signal interrrupts: interrupt request (INTR) and nonmaskable 
interrupt (NMI). The INTR line is driven by an 8259A programmable 
interrupt controller (PIC). The PIC is a flexible circuit controlled by 
software commands from the 8088. 


The PIC appears as a set of |/O ports to the software and connects 
to devices that need interrupt services. lt accepts interrupt requests 
from the attached devices and determines which service request has 
the highest priority. If the device selected for service has a higher 
priority than the one currently being serviced, the PIC activates the 
8088 INTR line. 


The CPU response to the active INTR line is based on the state of 
the interrupt-enable flag (IF). The currently-executing instruction is 
completed before the interrupt becomes active. 


Occasionally, an interrupt request is not recognized until after the 
following instruction. Repeat, LOCK, and segment override prefixes 
are considered part of the instructions they prefix. Therefore, no 
interrupt is recognized between execution of a prefix and an 
instruction. 


A move (MOV) to a segment register instruction and a POP segment 
register instruction are treated similarly (no interrupt is recognized 
until after the following instruction). This mechanism protects a 
program that is changing to a new stack (by updating SS and SP). 
The processor pushes the CS and IP flags into the wrong area of 
memory if an interrupt is recognized after SS has been changed, but 
before SP has been altered. 


If a segment register and another value must be updated together, 
first the segment register must be changed, and then the instruction 
changing the other value must be given. 


An interrupt request is recognized in the middle of an instruction in 
two instances—WAIT and repeated string instructions. In these cases, 
interrupts are accepted after any completed primitive operation or wait 
test cycles. 


IF is clear when the interrupts signaled on INTR are masked or 
disabled, in which case the CPU ignores the interrupt request and 
processes the next instruction. The INTR signal is not latched by the 
CPU. It must be held active until a response is received or the 
request is withdrawn. When IF is set—enabling interrupts on INTR— 
the CPU recognizes the interrupt request and processes it. Interrupt 
requests arriving on INTR are enabled by executing a set interrupt- 
enable flag (STI) instruction, and disabled by executing a clear 
interrupt-enable flag (CLI) instruction. Writing commands to the 8259A 
(the PIC chip) selectively masks some of these requests. STI and 
IRET instructions re-enable interrupts only after the end of the 
following instruction, which reduces excessive stack buildup. 
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The CPU acknowledges an interrupt request by executing two 
consecutive interrupt acknowledge (INTA) bus cycles. Bus hold 
requests are not honored until INTA cycles are completed. The first 
INTA cycle signals to the 8259A that the request has been honored. 
The 8259A responds during the second INTA cycle by placing the 
interrupt byte containing the interrupt type (0-255) associated with the 
requesting device on the data bus. (Type assignment is made when 
the 8259A is initialized by software in the 8088.) The CPU uses this 
type code to call the indicated interrupt procedure. 


A nonmaskable interrupt (NMI) request can arrive on another CPU 
line from an external source. This edge-triggered line signals to the 
CPU that a catastrophic event—such as the imminent loss of power, 
a memory error detection, or a bus parity error—has occurred. 
Interrupt requests arriving on NMI cannot be disabled. They are 
latched by the CPU and have a higher priority than an interrupt 
requested on INTR (level-triggered). NMI is first recognized when an 
interrupt request arrives on both lines during execution of an 
instruction. Nonmaskable interrupts are predefined as type 2. The 
processor does not need a type code to call the NMI procedure and 
does not run the INTA bus cycles in response to an NMI request. 


The time required for the CPU to recognize an external request is 
determined by the number of clock cycles remaining to complete the 
instruction currently being executed. This delay is referred to as 
interrupt latency. The longest possible interrupt latency occurs when 
an interrupt request arrives during multiplication, divison, variable-bit 
shift, or rotate instruction execution. In the most extreme case, 
interrupt latency spans two instructions, rather than one. 


INTERNAL INTERRUPTS Execution of an interrupt (INT) instruction 
generates an immediate interrupt. The interrupt type code identifies 
the procedure needed to process the interrupt. Since any type code 
can be specified, software interrupts can be used to test interrupt 
procedures that are written to service external devices. 


When the overflow flag (OF) is set, an interrupt on overflow (INTO) 
instruction (a type 4 interrupt) is initiated immediately after the 
completion of the currently executing instruction. The CPU generates 
a type O interrupt following execution of a divide (DIV) instruction or 
an integer divide (IDIV) instruction when the calculated quotient is 
larger than the specified destination. When the trap flag (TF) is set, 
the CPU automatically generates a type 1 interrupt after every 
instruction. This single-step execution, which is a powerful debugging 
tool, is discussed in more detail later. 


All internal interrupts (INT, INTO, divide-error, and single step) share 
these characteristics: 


» The interrupt type code is contained in the instruction or is 
predefined. 


» No INTA bus cycles are run. 
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» Except for single-step interrupts, internal interrupts cannot be 
disabled. 


» Internal interrupts (except single-step) have higher external 
interrupts (see Table 3). When interrupt requests arrive on NMI 
and/or INTR during execution of an instruction that causes an 
internal interrupt (e.g., a divide error), the internal interrupt is 
processed first. 


yy 
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Table 3: Interrupt 


INTERRUPT PRIORITY 


Divide error, INT n, INTO Highest 
NMI 
INTR 
Single-step Lowest 


INTERRUPT POINTER TABLE The interrupt pointer (or interrupt 
vector) table links an interrupt type code and its associated service 
procedure. The interrupt pointer table occupies the first 1K bytes of 
low memory. There may be up to 256 entries in the table, one for 
each interrupt type that can occur in the system. Each entry in the 
table is a double-word pointer containing the address of the 
procedure servicing interrupts of that type. The higher-addressed 
word of the segment contains the procedure. The lower-addressed 
word contains the procedure’s offset from the beginning of the 
segment. Each entry is four bytes long; the CPU calculates the 
location of the correct entry for a given interrupt type by simply 
multiplying the type number by 4. 


In applications that do not recognize interrupt types, space at the high 
end of the table can be used for other purposes. 


The 8088 activates an interrupt procedure by executing the equivalent 
of an intersegment indirect CALL instruction after pushing the flags 
onto the stack. The address contained in the interrupt pointer table 
element located at n x 4 (where ‘‘n” represents the type number) is 
the target of the CALL. The CPU saves the address of the next 
instruction by pushing CS and IP onto the stack. It transfers control to 
the interrupt procedure by replacing the second and first words of the 
table element. 


The processor activates the interrupt procedures in priority order 
when multiple interrupt requests arrive simultaneously. Figure 22 
shows how procedures would be activated in an extreme case. The 
processor is running in single-step mode with external interrupts 
enabled. INTR is activated during execution of a divide instruction. 
The instruction generates a divide error interrupt. Except for INTR, the 
interrupts are recognized in the order of their priorities (see Figure 
23). INTR is not recognized until after the following instruction 
because recognition of the earlier interrupts cleared IF. lf an earlier 
response to INTR is desired, interrupts can be re-enabled in any of 
the interrupt response routines. 
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All main-line code is executed in single-step mode (Figure 22). The 
processing speed (full speed or single-step mode speed) can be 

selected in each occurrence of the single-step routine because of the 
order of interrupt processing. 


neous Interrupts 


DIVIDE 
rs 
INSTRUCTION INTR 


OIVIDE ERROR RECOGNIZED 


EXECUTE NEXT 
INSTRUCTION 


EXECUTE NEXT 
INSTRUCTION 


* TE CAN BE SET IN THE 
SINGLE STIP PROCEDURE 
IF SINGLE STEPPING OF 
THE DIVIDE ERROR ORINTR 
PROCEDURE IS DESIRED 


INTR RECOGNIZED 


PUSH FLAGS 
PUSH CS & IP. 
CLEAR IF & TF 


SINGLE STEP RECOGNIZED 


DIVIDE ERROR 
PROCEDURE 


POP CS &IP 
POP FLAGS 


PUSH FLAGS 
PUSH CS & IP 
CLEAR IF & TF 


INTR 
PROCEDURE 


POP CS &IP 
POP FLAGS 


All mnemonics © Intel Corporation 1981 


SINGLE STEP RECOGNIZED 


PUSH FLAGS 
PUSH CS & IP 
CLEAR IF & TF 


SINGLE STEP* 
PROCEDURE 


POP CS & IP 
POP FLAGS 


PUSH FLAGS 
PUSH CS & JP. 
CLEAR IF & TF 


SINGLE STEP * 
PROCEDURE 


POP CS & IP 
POP FLAGS 


SSIS, 


iqur 3 2c: Interrupt Pointer Table 
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INTERRUPT PROCEDURES Flags CS and IP are pushed onto the 
stack and flags TF and IF are cleared when an interrupt service 
procedure is entered. The procedure can re-enable external interrupts 
with the set-interrupt-enable flag (STI) instruction, allowing itself to be 
interrupted by a request on INTR. Interrupts are not actually enabled 
until the instruction following STI has executed. An interrupt procedure 
can always be interrupted by a request arriving on NMI. The interrupt 
procedure can also be interrupted by software- or processor-initiated 
interrupts occuring within the procedure. (Programmers should ensure 
that the type of interrupt being serviced does not inadvertently occur 
during the interrupt procedure. For example, attempting to divide by 0 
in the divide error (type 0) interrupt procedure results in the 
procedure being reentered endlessly.) Sufficient stack space must be 
available to accommodate the maximum depth of interrupt nesting 
that occurs in the system. 


Prior to procedure termination, any registers used by the interrupt 
procedures should be saved before they are updated and restored. 
External interrupts for all sections except those sections of code that 
cannot be interrupted without risking erroneous results should be 
enabled. Interrupt requests on INTR can be lost if external interrupts 
are disabled for too long in a procedure. 
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Interrupt procedures with an interrupt return (IRET) instruction should 
be terminated. The IRET instruction assumes that the stack is in the 
same condition as when the procedure was entered. It pops the top 
three stack words into IP, CS, and the flags, and returns to the 
instruction that was to be executed when the interrupt procedure was 
activated. 


The actual processing done by the procedure is application 
dependent. When servicing an external device, the procedure sends a 
command to the device, instructing it to remove its interrupt request. 
lt can then read status information from the device, determine the 
cause of the interrupt, and act accordingly. 


A software-initiated interrupt procedure can be used as a service 
routine (Supervisor call) for other programs in the system. In this 
case, the procedure is activated when a program, rather than an 
external device, needs attention. (The “attention” might be to search 
a file for a record, send a message to another program, request an 
allocation of free memory, etc.) Software interrupt procedures can be 
used to advantage in systems that dynamically relocate programs 
during execution. Since the interrupt pointer table is at a fixed storage 
location, procedures can call each other through the table by issuing 
software interrupt instructions. This provides a stable communication 
exchange, independent of procedure addresses. Interrupt procedures 
can be moved if the interrupt pointer table is always updated, 
providing linkage from the calling program via the interrupt type code. 


The 8088 is in single-step mode when the trap flag (TF) is set. In this 
mode, the processor automatically generates type 1 interrupt 
processing. The CPU automatically pushes the flags onto the stack 
and then clears TF and IF. The processor is not in single-step mode 
when the single-step interrupt procedure is entered. The old flag 
image is restored from the stack when the single-step procedure 
terminates, placing the CPU back into single-step mode. 


Single stepping is a valuable debugging tool. A single-step procedure 
acts as a window into the system, through which operations can be 
observed on an instruction-by-instruction basis. A single-step interrupt 
procedure prints or displays register contents, instruction pointer 
values, key memory variables, etc., as they change after each 
instruction. This permits the exact flow of a program to be traced in 
detail. The point at which discrepancies occur can be identified by a 
single-step routine. A single-step routine can be used to accomplish 
the following: 


® Writing a message when a specified memory location or I/O port 
changes value (or equals a specified value) 


» Providing diagnostics selectively (for instance, only for certain 
instruction addresses) 


» Letting a routine execute a number of times before providing 
diagnostics 
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The 8088 does not have instructions for setting or clearing TF. TF 
can be changed by modifying the flag image on the stack. The 
PUSHF and POPF instructions push and pop the flags. (TF can be set 
by ORing the flag image with 0100H. Clear TF by ANDing it with 
FEFFH.) After TF is set, the first single-step interrupt occurs after the 
first instruction following the IRET from the single-step procedure has 
been executed. 


lf the processor is single stepping, it processes an interrupt (either 
internal or external) as follows: 


1. Control is passed normally (flags, CS and IP are pushed) to the 
procedure designated for handling the type of interrupt that has 
occurred. 


2. Before the first instruction of that procedure is executed, the 
single-step interrupt is recognized and control is passed normally 
(flags, CS and IP are pushed) to the type 1 interrupt procedure. 


3. When single-step procedure terminates, control returns to the 
previous interrupt procedure. Figure 23 illustrates this process in a 
case where two interrupts occur when the processor is in single- 
step mode. 


BREAKPOINT INTERRUPT A type 3 interrupt is a breakpoint 
interrupt. A breakpoint is any place in a program where normal 
execution is arrested so that some sort of special processing may be 
performed. Breakpoints are inserted into programs during debugging 
to display registers, memory locations, etc., at crucial points in the 
program. 


The INT 3 (breakpoint) instruction is one byte long, which facilitates 
planting a breakpoint anywhere in a program. The processor can be 
placed in single-step mode by using a breakpoint procedure. 


Breakpoint instructions can insert new instructions (patch) into a 
program without recompiling or reassembling it. This can be done by 
saving an instruction byte and replacing it with an INT 3 (CCH) 
machine instruction. The breakpoint procedure contains new machine 
instructions—code to restore the saved instruction byte and 
decrement IP on the stack before returning control to the program. 
The displaced instruction is executed after the patch instructions. 


NOTE: Undertake patching a program with caution. This action 
requires machine-instruction programming and can add new bugs to 
a program. Also note that a patch is only a temporary measure to be 
used in exeptional conditions. The affected code should be updated 
and retranslated as soon as possible. 


SYSTEM RESET The 8088 RESET line provides an orderly way to 
start or restart an executing system. When the processor detects the 
positive-going edge of a pulse on RESET, it terminates all activities 
until the signal goes low, at which time it initializes the system as 
shown in Table 4. 
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Addressing Modes 
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CPU COMPONENT CONTENT 


Flags Clear 
Instruction Register O0000H 
CS Register FFFFH 
DS Register 0000H 
SS Register O000H 

ES Register 0000H 
Queue Empty 


Since the code segment register contains FFFFH and the instruction 
pointer contains OH, the processor executes its first instruction 
following system reset from absolute memory location FFFFOH. This 
location normally contains an intersegment direct JMP instruction 
whose target is the actual beginning of the system program. External 
(maskable) interrupts are disabled by system reset. As soon as the 
system is initialized, the system software should re-enable interrupts 
to the point where they can be processed. 


PROCESSOR HALT When the halt (HLT) instruction is executed, the 
8088 enters the halt state. This condition may be interpreted as ‘stop 
all operations until an external interrupt occurs or the system is 
reset.” No signals are floated during the halt state, and the content of 
the address and data buses is undefined. A bus hold request arriving 
on the HOLD line is acknowledged normally while the processor is 
halted. 


The halt state can be used when an event prevents the system from 
functioning correctly. An example might be a power-fail interrupt. After 
recognizing that loss of power is imminent, the CPU could use the 
remaining time to move registers, flags and vital variables to a 
battery-powered CMOS RAM area and then halt until the return of 
power was signaled by an interrupt or system reset. 


The 8088 accesses instruction operands in many different ways. 
Operands can be in registers, instructions, memory, or |/O ports. 
Memory address and !/O port operands can be calculated several 
ways. These addressing modes extend the flexibility and convenience 
of the instruction set. This section briefly describes register and 
immediate operands, and then covers the 8088 memory and I/O 
addressing modes in detail. 


REGISTER AND IMMEDIATE OPERANDS The quickest, most 
compact executing instructions specify only register operands. This is 
because register address is encoded in instructions in a very few bits, 
and the operation is performed entirely within the CPU (no bus cycles 
are run). Registers can be source operands and/or destination 
operands. 
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Immediate operands are constant data 8- or 16-bits long, contained in 
an instruction that is available directly from the instruction queue and 
can be accessed quickly. Like a register operand, no bus cycles are 
needed to obtain an immediate operand. Immediate operands are | 
limited; they are constant values and can only serve as source 
operands. 


MEMORY ADDRESSING MODES Memory operands must be 
transferred to or from the CPU over the bus. The EU has direct 
access to register and immediate operands. When the EU needs to 
read or write a memory operand, it passes an offset value to the BIU. 
The BIU adds the offset to the (shifted) content of a segment register, 
producing a 20-bit physical address. Then it executes the bus 
cycle(s) needed to access the operand. 


EFFECTIVE ADDRESS The operand’s effective address (EA) is the 
offset calculated by EU for a memory operand. EA is an unsigned 16- 
bit number expressing the operand’s distance in bytes from the 
beginning of the segment in which it resides. 


The EU calculates the EA in several different ways. Information 
encoded in the second byte of the instruction tells the EU how to 
calculate the EA of each memory operand. A compiler or assembler 
derives this information from the statement or instruction written by 
the programmer. Assembly language programmers have access to all 
addressing modes. 


Figure 24 shows that the execution unit calculates the EA by adding 
a displacement, the content of a base register, and the content of an 
index register. The variety of 8088 memory addressing modes results 
from combinations of these three components in a given instruction. 
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The displacement, an 8- or 16-bit number contained in the instruction, 
is derived from the position of the operand name (a variable or label) 
in the program. A programmer can modify this value or specify the 
displacement. 


A programmer can specify that BX or BP serve as a base register 
whose content is to be used in the EA computation. SI or DI can be 
specified as an index register. The displacement value can change 
the contents of the base and index registers can change during 
execution. This makes it possible for one instruction, as determined 
by current values in the base and/or index registers, to access 
different memory locations. 


It takes time for EU to calculate a memory operand’s EA. The more 
elements in the calculation, the longer it takes. Table 5 shows the 
time required to compute an effective address for any combination of 
displacement, base register, and index register. 


Table 5: Effective Address Calculation Time 
EA COMPONENTS CLOCKS* 
Displacement Only 6 
Base or Index Only (BX,BP,SI,DI) 5 
Displacement 
+ 

Base or Index (BX,BP,SI,DI) 9 
Base BP+DI, BX+S! 7 

+ 
Index BP+SI, BX+DI 8 
Displacement BP+DI+DISP 

+ BX+SI+DISP 1 
Base 

+ BP+SI+DISP 
Index BX+DI+DISP 12 


“Add 2 clocks for segment override. 


DIRECT ADDRESSING Direct addressing (see Figure 25) is the 
simplest memory addressing mode. No registers are involved; the EA 
is taken directly from the displacement field of the instruction. Direct 
addressing is used to access simple variables (scalars). 


Figure 25: Direct Addressing 
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REGISTER INDIRECT ADDRESSING The effective address of a 
memory operand can be taken from one of the base or index 
registers, as shown in Figure 26. When the value in the base of the 
index register is updated appropriately, one instruction can operate on 
many different memory locations. The load effective address (LEA) 
and arithmetic instructions change the register value. 


SS 


Figure 26: Register Indirect Addressing 
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NOTE: Any 16-bit general register can be used for register indirect 
addressing with the JMP or CALL instructions. 


BASED ADDRESSING In based addressing (Figure 27), the effective 
address is the sum of a displacement value and the content of 
register BX or register BP. Specifying BP as a base register directs 
the BIU to obtain the operand from the current stack segment (unless 
a segment override prefix is present). Therefore, based addressing 
with BP is a convenient way to access stack data. 


Based addressing provides a straightforward way of addressing 
structures located at different places in memory (see Figure 28). A 
base register can be pointed at the base of the structure, and 
elements of the structure can be addressed by their displacements 
from the base. Different copies of the same structure can be 
accessed by changing the base register. 


Figure ar: Based Addressing 
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INDEXED ADDRESSING In indexed addressing, the effective 
address is calculated by the sum of a displacement plus the content 
of an index register (S| or DI) as shown in Figure 29. Indexed 
addressing is often used to access elements in an array (see Figure 
30). The displacement locates the beginning of the array, and the 
value of the index register selects one element (the first element is 
selected if the index register contains 0). All array elements are the 
same length, so simple arithmetic on the index register selects any 
element. 


Figure 29 Indexed ddressing 
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Figure 30: Accessing an Array with Indexed Addressing 
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BASED INDEXED ADDRESSING Based indexed addressing 
generates an effective address that is the sum of a base register, an 
index register, and a displacement (see Figure 31). Two address 
components can be varied at execution time, making based indexed 
addressing a very flexible mode. Based indexed addressing provides 
a convenient way for a procedure to address an array allocated on a 
stack (see Figure 32). Register BP can contain the offset of a 
reference point on the stack, typically the top of the stack after the 
procedure has saved registers and allocated local storage. The offset 
of the beginning of the array from the reference point can be 
expressed by a displacement value, and an index register can be 
used to access individual array elements. 


Based indexed addressing can access arrays contained in structures 
and matrices (two-dimension arrays). 


Figure 3): Based Indexed Addressing 
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Figure 32: Addressing a Stack Array with Based Indexed Addressing 
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STRING ADDRESSING String instructions do not use the normal 
memory addressing modes to access their operands. Instead, the 
index registers are used implicitly as shown in Figure 33. When a 
string instruction is executed, SI is assumed to point to the first byte 
or word of the source string, and DI is assumed to point to the first 
byte or word of the destination string. In a repeated string operation, 
the CPUs automatically adjust SI and DI to obtain subsequent bytes 
or words. 
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1/0 PORT ADDRESSING When an |/O port is memory mapped, 
any of the memory operand addressing modes can be used to 
access the port. For example, a group of terminals can be accessed 
as an array. String instructions can also transfer data to memory- 
mapped ports with an appropriate hardware interface. 


The two addressing modes that can be used to access ports located 
in the I1/O space are illustrated in Figure 34. In direct port addressing, 
the port number is an 8-bit immediate operand. This allows fixed 
access to ports numbered 0-255. Indirect port addressing is similar to 
register indirect addressing of memory operands. The port number is 
taken from register DX and ranges from 0 to 65,535. By previously 
adjusting the content of register DX, one instruction can access any 
port in the |/O space. A group of adjacent ports can be accessed 
using a simple software loop that adjusts the value in DX. 


PORT ADDRESS 


DIRECT PORT ADDRESSING 


PORT ADDRESS 
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SIRIUS 1 has up to 16K of boot ROM. When the 8088 is reset or 
powered on, the microprocessor goes to the highest memory area 
and begins to execute code in the boot ROM. The boot ROM 
performs basic initialization of all hardware in the machine. It then 
tries to read the boot software in the disk drives, which contains the 
operating system. The boot software is loaded into the processor's 
system random access memory (RAM). When this process is 
completed, the boot ROM jumps into the operating system and begins 
executing in the operating system. 


The |/O function consists of serial ports, a parallel port, a control 
port, an audio input/output function, and a keyboard port. 
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The standard configuration includes two full-duplex, serial 
communications ports. The serial ports are independent and are 
controlled by a single chip, the NEC 7201. These ports support the 
RS-232 standard serial interface and can be programmed for 
asynchronous and for more advanced protocols (e.g., SDLC and IBM 
binary synchronous communications). Each port is capable of running 
with an internally generated bit clock (or clocks) supplied by an 
external source (usually the MODEM). The clock selection is made 
under software control. There is a programmable bit clock generator 
for each channel to provide clocking if the internal mode is selected 
(channels 0 and 1 of the 8253 timer chip are used for this purpose). 


The parallel port is a dual function port supporting parallel Centronics 
and IEEE 488 interfaces. It is software configurable so as to support 
these interfaces. The Centronics interface is an 8-bit parallel output 
interface to standard printers and other devices; the IEEE 488 
interface is an instrumentation interface. Initially developed by 
Hewlett-Packard, the IEEE 488 interface allows for multiple 
independent devices and for better control and more advanced 
functions than does the Centronics port. The parallel port is buffered 
with the standard IEEE 488 drivers. 


The control port is a series of stake pins on the main logic assembly 
that contain I/O lines from a 6522 |/O chip. There are two complete 
8-bit |/O control ports. Each pin can be configured for input or output 
(to drive one standard TTL load). 


Each 8-bit port has two handshake control lines. The only pin on the 
control port dedicated to another function is the most significant bit 
(MSB) of port B. This pin is dedicated to the audio clock that controls 
the sample rate for the audio. When the Codec audio is in use, the 
MSB is active. 


The control port also has a light pen connection which connects to 
the CRT controller chip and to +12V, -12V, +5V, and ground signals. It 
supplies minimum power to an external device. 


The audio section can generate voice, tones, bells, or other sounds 
through the speaker in the processor unit. The sounds are stored in a 
specially coded digitized form in the computer memory. The volume 
level of sounds generated by the processor unit can be controlled 
through software or directly with special keys on the keyboard. With 
additional hardware, the audio section also supports input from 
external analog sources, allowing digital recording of sounds for future 
playback. 


As shown in Figure 35, the sound output function acts basically as a 
pipeline from the CPU to the speaker. Sound in digital byte form is 
stored in the CPU memory. The CPU transfers the sound bytes to the 
synchronous serial data adapter (SSDA). The SSDA converts the 
bytes into a serial bit stream of data to feed to the coder/ decoder 
(Codec). The Codec converts the serial data into a varying analog 
signal. The analog signal is sent through a low pass filter to remove 
any high frequency noise generated in the digital-to-analog 
conversion in the Codec. The filtered analog signal is sent into a 
volume-control section. The volume-control section switches the 


analog signal at a variable on-to-off rate, allowing the sound level to 
be controlled. The analog signal is finally sent through an audio 
amplifier to the speaker in the processor unit. 


AUDIO INPUT 


SAMPLE CLOCK 


The synchronous serial data adapter (SSDA) is the major interface 
between the CPU and the audio section. The main function of the 
SSDA in playback mode is the buffering and conversion of 8-bit bytes 
into a serial bit stream for the Codec. In the record mode, the SSDA 
also converts a serial bit stream from the Codec into bytes for the 
CPU. 


The SSDA is a 6852 |/O chip. The SSDA’s control and data resisters 
are memory-mapped in the CPU’s high memory space. The SSDA 
contains a 3-byte FIFO register buffer. The FIFO allows the CPU to fill 
the SSDA with three bytes of data and then perform other processing 
while the SSDA shifts bits out to the Codec. This reduces processor 
overhead while the processor is playing or recording sounds. The 
SSDA first shifts the data to the Codec’s least significant bit. The 
SSDA control registers then tell the CPU that the FIFO is ready for 
more data. The SSDA also provides playback/record (decode/ 
encode) control via its “DTR” output. 


The CPU controls the sound quality of the audio section with the shift 
clock sent to the SSDA and the Codec. The shift clock is generated 
in one of the CPU's 6522 |/O chips. The PB7 output from the 6522 is 
controlled by an internal timer, which provides adjustable clock 
frequency. The higher the frequency of the shift clock, the better the 
sound quality. Because faster shift clocks require more memory to 
store the sound bytes, a trade off must be made between sound 
quality and memory storage. A shift clock of 16Khz will produce 
telephone quality reproduction of the original sound with each second 
requiring 2K bytes of storage. 


The Codec converts digital data into analog signal in the playback 
mode and analog signal into digital data in the record mode. The 
Codec uses a technique known as delta modulation to convert the 
serial bit stream into analog output. The digital data’s 0's and 1's are 
commands to the integrator in the Codec to make its analog output 
signal ‘go up” or “go down” respectively. The serial bit stream 
represents the direction for the analog output signal. 
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To increase dynamic range, continuously variable slope delta- 
modulation (CVSD) is used. An outstanding characteristic of CVSD is 
its ability, with fairly simple circuitry, to transmit intelligible voice 
sounds at relatively low data rates. CVSD increases the dynamic 
range by “companding” (compressing-expanding), which gives small 
signals a higher relative gain. The CVSD scheme detects three or 
more consecutive 0's or 1's in the data stream. When this occurs, the 
gain of the integrator is adjusted to ramp faster to track larger signals. 
Up to a limit, the more consecutive 1's or 0’s, the larger the obtained 
ramp amplitude, and the better the reproduction of the original sound. 


The low pass filter removes unwanted high frequency noise generated 
in the CODEC. The filter is set for a 3KHz cutoff frequency. This limits 
sounds to the normal voice bandwidth. 


Volume is controlled by varying the duty factor of the analog signal 
from the filter. The CPU controls the volume level by switching the 
analog signal on and off at a frequency above the audible range. A 
minimum of 20KHz is recommended. The CPU uses a 6522's shift 
register in a recirculating output mode to generate the duty cycle for 
the volume control. This allows selection of seven different volume 
levels (and also off). 


The final stage is a four watt audio power amplifer which drives the 
speaker mounted in the disk drive subassembly. A large speaker can 
be attached to produce more sound output. 


There are six signals, or lines, going to the keyboard from the 
processor. A +5V supply and a ground signal power the keyboard. A 
shield line shields the keyboard from static and interference. There 
are three signal lines: ready, data, and acknowledge. 


The ready, data, and acknowledge lines control communications 
between the keyboard and the processor. The keyboard sends data 
to the microprocesser serially. The keyboard acknowledges or signals 
to the processor that a key signal has been received and is ready to 
be sent to the processor. It does this with a keyboard ready line. 
When the processor is ready, it handshakes the data in via the 
acknowledge line and the data comes across on the keyboard data 
line. 


The keyboard uses the serial shift register capabilities of a 6522 
interface chip to communicate with the microprocessor. This function 
is handled automatically by the 6522 until the whole key identifier has 
been received into the shift register. Then the processor reads the 
key identifier, and handshakes the final check bit sequence. 


See Chapter 4, “Keyboard Unit,” for a more detailed description of the 
keyboard interface. 


The signals sent to the disk interface are 8-bit data lines, read/write 
signals, selection logic signals, and addressing and control signals. 
They control, send information to, and receive information from the 
disk drive assembly. A connector on the main logic assembly 
connects to the drive assembly through a cable. The main logic 
assembly and microprocessor control the drives with these signals 
while receiving and sending data to the drive assembly. 


EXPANSION BUS 


DISPLAY 


The main logic board supports expansion of the system through four 
female 50-pin edge connectors. These connectors provide an 
interface for memory expansion boards and special control boards. 
Some of the control boards are highspeed network systems, hard disk 
controller interfaces, and |/O expansion boards for use with science- 
related applications. The expansion bus has a set of data lines, 
addressing lines, control lines, and power lines capable of driving any 
expansion interface. Additional expansion capabilities provide 
external-device access to memory internal to the main logic 
assembly. 


SIRIUS 1 uses standard raster scanning techniques to display 
information on the screen. The most common mode of operation is 
the text mode, which displays 80 character cells horizontally by 25 
lines vertically. This means that an electron beam, scanning 
horizontally, divides the screen into scan lines. The lines are scanned 
from left to right and top to bottom. 


As the beam scans left to right, the CRT controller generates 
addresses for the screen buffer RAM. The CRT controller selects 
words from the screen buffer memory, determining the type of 
character and the attributes to be displayed. A character cell is 10 
dots wide by 16 scan lines high in the text mode. These characters 
are RAM-mapped and programmable. 


The lower 128K bytes of RAM (as well as the 4K bytes from FO000 to 
FOFFF) is dual port memory. One port of the lower 128K bytes of 
RAM is used by the display hardware to refresh the raster-scan 
display. The dual-port memory is managed by an arbitrator circuit that 
guarantees one refresh access to the display RAM every character 
cell time. The arbitrator circuit adds a wait-state to any 8088 memory 
cycle if this is necessary to isolate it from the display-refresh cycle. 
The display circuit manages the memory-refresh in the dual port on- 
board dynamic RAM. 
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The screen buffer is a section of memory 2000 words in length (it is 
mapped at addresses FO0O00 through FOFFF). 


The words are arranged linearly. The first word in the screen buffer 
defines the top leftmost character on the screen. The next word in 
the screen buffer defines the next character on the screen, reading 
left to right, and etc. All of the characters on the screen are defined 
in the screen buffer prior to display. 


Figure 37: Display Operation 
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FONT POINTER The words in the screen buffer are broken into two 
pieces. The lower 11 bits comprise the font pointer. The upper five 
bits are attribute bits. The font pointer contains binary address 


information. SIRIUS 1 can display up to 2048 characters, or font cells, 
on the screen. 
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ATTRIBUTE BITS There are five attribute codes associated with 
each character. Four of these attribute bits are used for reverse 
video, underline/strikeover, high/low-intensity, and nondisplay. The 
other bit is available for user software or external hardware. 


Each character on the screen is affected by the attributes in the 
upper 5 bits. Each attribute bit is independent of the other bits. 


Reverse Video The reverse video attribute displays black characters 
on a white background. This affects all the dots in every character, 
including underline and other modes. 


o/4 
Display High/Low Intensity The high/low intensity attribute displays 
a character in high intensity (enhanced mode), or in low intensity. 


Display Underline/Strikeover The underline/strikeover attribute 
works in conjunction with the font cell control bit mentioned above. 
One bit in a font cell word determines where the underline/strikeover 
occurs (this is discussed later, in “Font Cell’). Underline creates a 
solid line through the character cell; thus, text underlining is 
programmable. It can also be used as a strikeover if the underline 
control bit is in the middle of the character rows. The strikeover is 
displayed on the screen and superimposed on the character when 
the attribute is turned on. 


Nondisplay Attribute The nondisplay attribute suppresses dot information 
so that the character is not displayed on the screen. 


Software Attribute The software is available for software application 
program use to identify special fields on the screen, mark the end of 
lines, or mark special text in an editor. It is not used for display 
generation functions. 


The character and attribute bits are organized into words. The lower 
11 bits of each word define which of the 2048 possible characters 
(font cells) is placed at that location on the screen. The upper five 
bits identify attributes. These words are on even address boundaries. 
The 80-character-by-25-line display occupies 2000 words (4000 
bytes) of the screen memory. 


The five attribute bits are sent to the video control section. The video 
control section adds the reverse video, intensity, cursor, underline, 
and nondisplay functions, according to the attribute bits. 


The lower 11 bits are the font cell code. The font cell code has other 
address bits added to it—five lower bits and four upper bits—to 
generate a font cell address. The first four of the five lower bits, one 
through four, are the raster row. Using this binary code, 16 raster 
rows—the number of raster rows in a standard character—can be 
addressed. 


The lower bit, bit 0, is the byte address bit. It is always a zero 
because words in memory for the font cell are being addressed. 
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The upper four bits select the 64K block of memory in which the font 
cells are located. The font cell RAM is limited to the lowest 128K of 
memory, so bit 17 through bit 19 are always zero. 


When bit 16 is zero, it selects the lower 64K of memory. When bit 16 
is one, it selects the next block of 64K of memory. This 15-bit 
address, bits 19 to 5, is the base of the font cell address. The display 
hardware then appends this address to the raster row being scanned. 
It takes the addressed word out of the font cell memory and passes it 
to the video shift register. The word is then processed through 
attribute control and out to the display. 


SIRIUS 1 generates characters using a high-density dot matrix 
technique resulting in a high-resolution display of characters on the 
screen. This technique uses a font cell as the basic structure within 
which characters are developed for display. The font cell is a 
sequential block of 16 words that are accessed to form a dot matrix 
16 bits wide and 16 raster rows high. 


The first word’s least significant bit (LSB) is displayed at the top 
leftmost position of the font cell display. The second word's LSB is 
displayed at the leftmost position on the second line, and so forth, 
through all 16 scan lines. Ten dots of the 16-bit wide cell are 
displayed on each line. The remaining six dots of each word, which 
are most significant bits (MSBs), are not displayed. 


The underline/strikeover control bit is the MSB of each font. 


In normal mode, a bit value of 1 displays a white dot, and a bit value 
of 0 displays a black dot (in reverse video mode, the reverse is 
displayed). A word, which consists of 16 bits, defines the condition of 
each dot in the matrix (see Figure 38). 
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To summarize, the CRT controller chip generates word addresses in 
the screen buffer memory. A portion of each word contains the 


attributes, which are passed to the video output section. Another 


portion of each word is the font cell code, which, when combined with 
other bits, generates a font cell address. The word at this font cell 
address is loaded into a video shift register which turns the parallel 
word into serial bits and passes it to the video output section, where 
it is combined with the attribute functions. The CRT controller chip 
also generates the horizontal/vertical signals that go to the display. 


Overall display brightness is software adjustable. Brightness may be 
adjusted to one of eight different levels by setting the brightness 
control bits (PB2, PB3, and PE4 of the 6522 at E8040) to the binary 
value corresponding to the desired level. The binary values range 
from zero to seven, in order of increasing brightness. 


Display contrast is also software adjustable. The contrast function 
controls the difference in intensity between high- and low-intensity 
characters. Only the intensity of the low-intensity characters is varied 
by the contrast function. Contrast may be adjusted to one of eight 
levels by setting the binary value of the desired level in the three 
contrast control bits (PB5, PB6, and PB7 of the 6522 at E8040). The 
binary values range from zero to seven, in order of increasing 
contrast (a binary value of zero causes no difference in contrast). 


A bit-mapped high-resolution mode is configured for 800 by 400 dots 
of bit-addressable display. In this mode, the reverse video, high/low- 
intensity, and nondisplay attributes apply to fixed 16- by 16-dot cells 

on the screen, and the underline/strikeover attribute is disabled. 


The high-resolution mode makes special use of the font cell graphics. 
The output line (HIRES) controls the font cell width. When high, this 
line enables the 16-dot matrix, which displays all 16 bits of each font 
cell word. In this mode, the screen is organized into a 50-column by 
25-line display. 
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To use the bit-mapped display mode, the screen buffer is filled with 
font cell pointers which address successive font cells, by column. For 
example, if line 1/column 1 addresses font cell N, line 2/column 1 
would address font cell N+1, and line 25/column 1 would address 
font cell N+24. Line 1/column 2 would address font cell N+25, and so 
forth. Line 25/column 50 which would address font cell N+1249. The 
font cell memory is directly manipulated, without further modification 
to the screen buffer. 


In high-resolution mode, the programmer's view of the screen is 
20,000 contiguous words of bit-mapped dots organized into 16-bit 
wide columns, going from top to bottom, and left to right as word 
addresses increase. 


As shown in Figure 40, the disk drive assembly is comprised of two 
floppy disk drive mechanisms, a disk drive interface board, and a 
chassis which also contains a speaker. The disk drive assembly 
provides the system with a minimum of 1.2 million bytes (formatted) of 
auxillary storage. 
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Figure 40: Disk Drive Assembly 
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Reading Data 


The standard drive units are 5-1/4 inch, 80-track mechanisms, which 
operate with single-sided media. Track density is 96 tracks per inch, and 
recording density is maintained at approximately 8000 bits per inch on all 
tracks. 


The disk drive interface board provides all the low level operations 
required to convert binary information for storage on and retrieval 
from diskette. Status and drive control interface to the drives is also 
provided on the disk drive interface board. 


The processing unit maintains functional control of the disk drive assembly. 


The 8088 CPU transfers data from the disk to memory as byte-by- 
byte read operations. Before the data is transferred, the drive motor 
for the drive containing the disk is started, and the head is positioned 
to the correct track. The GCR read circuit provides sync detection 
and separation. (Sync is a special GCR pattern that does not occur in 
normal data fields. The sync pattern consists of 10 ones during a byte 
time; other GCR patterns cannot contain more than 8 ones during a 
byte time.) When the GCR read circuit detects a sync mark, it starts a 
counter that causes an interrupt to be sent to the CPU, if sync 
remains present for 6 byte times. This interrupt to the CPU, which is 
called SYN and is on the highest level interrupt input line to the 
interrupt controller, informs the CPU that a header sync mark has 
been detected. 


HEADER SEARCH When a sync interrupt occurs while the CPU is 
searching for a sector, the CPU enters the controller software that will 
compare the sector header information with the sector requested (the 
sector header contains the data block ID, track numbers, the sector 
number, and the checksum). This compare function is performed by 
the CPU on a byte-by-byte basis. The GCR read circuit provides a 
data byte every 21.3 microseconds. In order to be able to keep up 
with the high data rate, the CPU uses a special instruction (WAIT) 
that stops processing until a byte-ready strobe occurs on the test 
input. The CPU then continues processing by reading the latched 
data byte and comparing it with the requested sector information. 


If the sector is not the correct sector, the CPU returns from the 
interrupt and continues processing until the next header sync 
interrupt. Once the desired sector header has been found, the data 
transfer can begin. 


DATA TRANSFER Before the CPU can read the data block of a 
sector, the clock recovery circuitry must be resynchronized. This is 
required because the data block is updated and can be written at any 
random phase relative to the header information. The data block sync 
mark is only 5 bytes long and is not detected by the header sync 
mark detection circuit (header sync marks must be at least 6 bytes in 
length). The CPU polls the sync input line until the data block sync is 
detected and then verifies that the byte following sync—the data 
block 10 byte—is correct. If it is not correct, a “not data block !O 
error’ is generated, and no data is transferred. Using the WAIT 
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instruction, the CPU then transfers the following 512 bytes of sector 
information to the present destination in memory. As the CPU moves 
the data to memory, it also computes the checksum. This resulting 
checksum is then compared with the checksum recorded in the data 
block. If the checksums match, the data transfer is correct; otherwise, 
error recovery by the CPU is needed. 


Data transfer from memory to disk is performed by the CPU in much 
the same manner as for read operations. The disk drive motor is 
started and set to the proper speed, and the head is positioned at the 
correct track by the controller software. The CPU does a header 
search using the method described earlier in “Reading Data.” When 
the desired header is matched, the CPU starts an update operation of 
the data portion of the sector and, before turning on the write current, 
times the GAP1 area. The 5-byte data block sync area is written. 
Next the 10-byte data block, and then 512 bytes of sector data are 
written from the preset location in memory. As the data is written, the 
CPU also creates the 2-byte checksum, which is written at the end of 
the data section. 


The CPU also controls the trim erase timing of the read/write head. 
The purpose of trim erase is to erase any remaining portion of the old 
data section that was recorded from the sides of the new data 
section. At the end of the update, the write current is turned off, and, 
about 31 byte times later, the trim erase is turned off. 


In order to ensure reliable data storage, all sector updates are 
followed by a verify operation. A verify operation is similar to a read 
operation, except that the data in memory is compared to the read 
disk data being transferred to memory. If any of the bytes do not 
compare correctly with the data in memory, an error is flagged, and 
an error recovery is performed by the CPU. 


A blank or new diskette must be formatted before it can be used. 
(Some programs, such as DCOPY, perform the formatting function 
implicitly.) Formatting is done by writing control information and 
dummy data blocks to all 80 tracks on the disk (see the “Track 
Format” and “Sector Format” sections under “Physical Description’). 
The format is a variable number of sectors per zone in soft sectored 
format. In order to achieve maximum speed tolerance on each 
diskette, the CPU performs an adaptive format procedure. Diskette 
speed variation (from unit to unit) causes the number of bytes on a 
track to vary. During format this problem is solved by always 
providing a fixed number of unused bytes to allow for the worst case 
speed. Instead of allowing the unused bytes to be wasted, the format 
procedure measures the size of the first track in each zone and then 
adjusts the gap to the size of the sector format. This causes the 
physical sector size to remain constant regardless of diskette speed 
during format. This method allows the maximum possible tolerance to 
speed variation without requiring a gap at the end of the track to 
allow for speed variation. The Sirius technique makes better use of 
the unused space by distributing it and using the additional intersector 
time to achieve stabilization of the clock recovery circuitry. 


Refer to “Speed Control” and “Motor Speed Control” for more details 
on speed control. 


Positioning 


Speed Control 


PHYSICAL 
DESCRIPTION 


Motor Speed Control 


The head positioning mechanism for each drive is a four-phase 
stepper motor. The disk drive interface has drivers for each stepper 
motor which are controlled directly by the CPU. By properly 
sequencing the four phases of the stepper motor, the CPU can move 
the head of each drive in or out. All timing and control is done in 
software by the CPU. To reduce power consumption, the stepper 
motors are energized only when the drive is active; otherwise they are 
turned off by the CPU. The independent stepper drivers allow the 
CPU to perform overlapping seeks, resulting in higher system 
performance. 


In order to attain maximum data capacity, the media passes under 
the head at a constant linear velocity. To attain this, the rotational 
period is varied as the radius of the track changes. The disk 
rotational speed is selected by the CPU. The actual speed control is 
performed by a single chip computer on the disk drive interface 
board. The CPU communicates with the speed control processor 
(SCP) by an eight-bit port. On system powerup, the SCP uses a 
default speed table that allows the system to boot. Once the 
operating system software is loaded, the CPU writes a new speed 
table to the SCP that allows it to operate with the current 512-byte 
sectors. The SCP can be programmed with up to 15 different speeds. 


The disk interface board contains the circuitry necessary to control 
both of the integrated system disk drives. This circuitry consists of 
drive motor speed control, read/write head positioning, data decoding 
and encoding, read channel electronics, and write channel 
electronics. The interface board receives functional control from the 
processor unit through a dedicated |/O bus. 


The traditional approach to storing data on floppy disks is to write 
data (using some encoding scheme) at a fixed rate, while rotating the 
disk at a constant speed. This results in several undesirable 
characteristics. Three major undesirable characteristics that were 
addressed by Sirius are wasted capacity, large variation in the read 
signal amplitude, and low system tolerance to motor speed variation. 


Since the circumference of the outermost track on the floppy is larger 
than the circumference of the innermost track (and, in fact, larger 
than all other tracks) the recording density on the outermost track is 
lower than on the innermost. The major limiting factor in recording on 
magnetic media is bit density (actually, flux reversal density), which 
means that the outer tracks contain less data than the inner tracks, 
unless adjustment is made to accommodate this problem. 


Also, when the disk is rotated at a constant speed or RPM, the linear 
velocity of the head relative to the media varies from track to track. 
Since the amplitude of the recorded signal is partly a function of 
speed, the signal amplitude varies greatly from the outermost track 
(where it is highest) to the innermost track. This results in a read 
channel that has a lower signal-to-noise ratio than would be 
obtainable if all tracks were recorded with a constant amplitude 
signal. 
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The SIRIUS 1 overcomes these two problems by setting disk rotation 
speed according to the track circumference. This is done in a way 
that maintains a nearly constant bit density and a nearly constant 
linear velocity, hence a constant amplitude signal. 


OUTER TRACK 


INNER TRACK 


MORE STORAGE CAPACITY 
ON OUTER TRACKS. 


FLOPPY DISK 


Data written to the disk is organized into groups of 512 bytes (plus a 
number of synchronization and control information bytes). These 
groups are called sectors. Although the circumference of each track 
differs slightly, it is not possible to take advantage of the potential 
difference in capacity without using sectors of varying size. Therefore, 
the speed is changed only when this results in enough additional 
Capacity for an extra sector. The disk is thus divided into groups of 
tracks, called zones. Each zone, when being read or written, causes 
the disk to rotate at a slightly different speed. 


The third problem—low system tolerance to motor speed variations— 
is caused by a phenomena called bit shift or pulse crowding. Bit shift 
occurs during recording at moderately high densities. This introduces 
timing errors in the data transitions during subsequent reads. The 
clock recovery circuitry interprets these variations as motor speed 
error, which reduces the system's tolerance to speed variations of the 
drive motor. 


This problem has been reduced for the SIRIUS 1 by improving the 
motor speed control and using an encoding technique that is more 
tolerant of bit shift error. The disk rotational speed control is 
accomplished by using a crystal-controlled, closed-loop servo system. 
The servo system actually consists of two interacting closed servo 
loops. 


The first servo loop is a fast acting inner loop, which is an analog 
circuit that provides excellent short-term stability. This circuit uses a 
charge-pump technique, which converts tach pulses from the drive 
motor to a voltage. This voltage is compared to a reference voltage, 
and any difference generates a correction in motor speed. 


Data Encoding 
Technique—GCR 


Read Channel 


The second servo loop (the outer loop) digitally counts a fixed 
number of tach pulses from the motor, and measures the period of 
time that this takes. It then compares this time with the expected 
time. Any difference results in a modification of the reference voltage 
for the inner loop. This is accomplished using a single-chip 
microprocessor (an 8048), which uses the 5 Mhz system clock and 
two (8-bit) digital-to-analog converters (one per drive). Since this 
outer loop is crystal-referenced, it provides absolute long term stability 
and virtually eliminates unit to unit speed differences. 


The microprocessor contains a set of speed control tables. These 
tables are initialized to default values at power-on and are reloadable 
by the processor unit. 


To record data on magnetic media, like floppies, the data first has to 
be converted from the internal computer format into a form that can 
be stored and retrieved. This is true because data in the internal 
format may contain long sequences of like bits—either ones or 
zeroes. If data is recorded with more than a few bit times having no 
changes (flux reversals), the characteristics of the read channel make 
it impossible to read back the same signal that was recorded. Also, 
the data is written at a constant frequency (bit rate), but no clock 
signal is written. This means that the clock information must be re- 
created during subsequent read operations. Even though the disk 
speed is closely controlled (to within 2%), data transitions are required 
periodically to resynchronize the clock recovery circuitry. 


The SIRIUS 1 uses an encoding technique called group code 
recording (GCR) to convert the data from internal representation to an 
acceptable form. GCR converts each (4-bit) nibble into a 5-bit code 
that guarantees a recording pattern that never has more than two 
zeroes together. Then data is recorded on the disk by causing a flux 
reversal for each “one” bit and no flux reversal for each “zero” bit. 


The read channel consists of a magnetic pickup (read/write head), 
an amplifier section, a clock recovery section, a serial to parallel 
converter, and a 10-bit to 8-bit (GCR to internal form) conversion 
section. 


The read/write head picks up a low amplitude (approximately 2 to 8 
millivolts) signal from the disk. This signal is amplified differentially (to 
minimize the effects of common mode noise), and pass-band filtered 
(to reduce noise at frequencies other than those of interest). The 
linear output from the filter is passed to the differentiator, which 
generates a wave form whose zero crossovers correspond to the 
peaks of the read signal (these peaks occur approximately where the 
flux reversals take place during the write). Then this signal is fed to 
the comparator and digitizer circuitry. The comparator and digitizer 
circuitry generate a 1-microsecond read data pulse, corresponding to 
each peak of the read signal. These pulses serve two purposes: first, 
each of these pulses represents a “one” bit and so sets the serial 
data latch (to one); second, these pulses are used by the clock 
recovery circuit to keep a phase-locked loop (PLL) synchronized to 
the data being read from the disk. At each clock cycle (bit time), the 
serial data latch is shifted into the serial to parallel converter, and the 
serial data latch is reset (to zero). 
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When 10 bits have been shifted into the serial to parallel converter, 
the data is converted back into the original 8-bit byte. This data byte 
is latched, and a signal is sent to the processor unit that a byte is 
ready to be read. 


The write channel consists of an 8-bit to 10-bit (internal form to GCR) 
code conversion section, a parallel to serial converter, write/erase 
current control, and the read/write head. The write circuitry is 
configured so that it is impossible to enable the write current if the 
diskette is write-protected. The write circuitry also initializes to read 
mode at power-up, and is prevented from writing until the power has 
stabilized. 


Figure 42 illustrates sector format; Table 6 describes the parts of the 
sector. 


SEOs 


Figure 42: § ctor Format 
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able 6: Sector Components 


COMPONENT DESCRIPTION 
Header sync This sync mark synchronizes the PLL and causes sync 
detect interrupts to be sent to the CPU. 
Sector header This area of 4 bytes contains sector indentification 


(header ID, track ID, sector information. 
1D, and checksum) 


Gap 1 This gap allows time for the CPU to process the sector 
header in formation and for the read/write head to clear 
the header for an update. 


Data Sync This sync mark synchronized the PLL and indicates the 
start of the data field. 
Data field This is the useful data content of the sector for error 


(data sync, data ID, data detection if a 2-byte checksum is used. 
bytes, and checksum) 


Gap 2 This gap allows for speed variation during an update so 
that the next sector sync mark is not overwritten. 
met 
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POWER SUPPLY 


Table 7 presents track format: 


Table 7: Track Format 


TRACK NUMBERS 


ZONE LOWER HEAD UPPER SECTORS ROTATIONAL 
NUMBER (STANDARD) HEAD PER TRACK PERIOD (MS) 

0 0-3 (unused) 19 2379 

1 4-15 0-7 18 2245 

2 16-26 8-18 17 212.2 

3 27-37 19-29 16 199.9 

4 38-48 30-40 15 187.6 

5 49-59 41-51 14 1753 

6 60-70 52-62 13 163.0 

vf 71-79 63-74 12 149.6 

8 unused 75-79 11 144.0 


The disk drive interface board connects to the CPU board via a 50- 
pin ribbon cable. This cable carries the data bus, address lines, and 
control signals needed to interface to the three 6522's on the 
interface board. All the |/O ports of the CPU System are memory- 
mapped, allowing more efficient |/O operations. 


The power supply for SIRIUS 1 is designed for operational and 
equipment safety, single-switch operation, and data protection. 


The power supply is a 4 voltage regulator with one +5V output, two 
+12V outputs, and one -12V output. Overall feedback regulates all 
outputs by sensing the +5V. The -12V output and one of the +12V 
outputs have independent series regulators. 


The power supply provides 6 amps of +5V +2%, 2 amps of +12V 
+5%, 1.5 amps of +12V +5%, and 2 amp of -12V +5%. The 
operating range is 90-137Vac or 190-270Vac. The range may be 
selected and strapped by jumper wire. The power supply operates at 
47-63 Hz. All power levels are regulated with overvoltage and 
overcurrent protection. 


Line filters provide noise/ripple suppression and conducted/radiated 
radio frequency energy reduction. 


When the power supply is shorted or overloaded, fold-back limiting 
occurs, preventing overheating. The unit withstands shorted output for 
an indefinite period and transients of up to 6000V peak. The power 
supply absorbs transients without causing any deviation at the output. 


As shown in Figure 43, the power supply is in a shielded case, 
housed in the rear of the processor unit. The power supply module 
contains a fuse, a power switch and a line filter connector which 
connects to the AC power mains. It powers the processor unit, 
installed options, the display unit, and the keyboard unit. A 4-inch fan, 
mounted in the right rear of the processor unit, provides cooling air 
flow. 
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3. DISPLAY UNIT 


The video display unit is supported by a swivel ramp and fits on top 
of the processor unit. The swivel ramp permits the video display unit 
to be swiveled right or left and to be tilted up or down. A fabric grid 
on the face of the CRT reduces glare and reflection and increases 
character contrast. 


A coiled cord with a locking connector plugs the video display unit 
into the processor unit. The cord carries power and video signals, 
sync signals, and brightness control signals to the video display unit. 


The video display system uses +12V power at approximately 1.2 
amps. The horizontal sweep rate is approximately 15KHz. A vertical 
refresh rate of 76 Hz, or 76 frames per second, prevents visual flicker. 


An interlace method of display is used. Each frame contains half the 
picture. This is very similar to what happens on a conventional 
television and permits a high-resolution 400-line vertical capability. 


Display brightness and contrast are both software adjustable. 
Brightness, controlled by signals sent from the processor unit's 
display section, may be varied to two intensities. Contrast is controlled 
on the main logic board of the processor unit. The user may select 
eight levels of contrast from the keyboard. 
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4. KEYBOARD UNIT 


The function of the keyboard is to generate and send coded electrical 
signals to the processor unit as each key is depressed or released. 
The keyboard is entirely reconfigurable. 


The keyboard unit is approximately 19 inches wide, 1.8 inches high, 
and 6.4 inches deep. It is connected to the rear of the processor unit 
by a coiled cord. 


The key switch is a high reliability capacitive-type switch on the 
keyboard. There is no mechanical contact. The signal is detected 
electrically, so the switch has a very long life. 


Key surfaces are sculpted for comfortable typing. Key caps are 
removable and interchangeable, facilitating service and allowing the 
keyboard to be customized. 


The keyboard unit is organized into five key groups. The central key 
group is arranged in a standard typewriter configuration. A 

numeric/ calculator keypad is located at the far right of the keyboard. 
The general function keys across the top row are double-sized and 
can be defined for specific purposes by applications programs. A 
single column of specific function keys are located on the far left of 
the keyboard. Editing and cursor-control function keys are located in 
a double column between the typewriter keyboard and the 
numeric/calculator keypad groups. 


The coiled cord is the conduit for all of the keyboard unit's inputs and 
outputs. The keyboard unit receives power and ground signals, a 
shield signal which protects the keyboard from static discharge and 
radiating noise, and three handshake or data control signals which 
control data transfer from the keyboard to the processor unit. 


The comunication between the processor unit and the keyboard unit 
is serial. The transmission is in 9-bit words. The first eight bits are the 
data byte, with the least significant bit transmitted first. The last bit is 
a stop bit. 


The keyboard returns key numbers and key status through the eight 
data bits. The most significant bit of the key number returned by the 
keyboard unit is status which flags a key “close” or a key “open.” 
The least significant seven bits are the key number. 


A single-chip microprocessor in the keyboard unit scans the keyboard 
for key closures and communicates with the processor unit. Keyboard 
status communicated to the processor unit is completely independent 
of key condition. The microprocessor reports an event, such as a key 
making or breaking contact, and the processor unit determines what 
that key’s function is, based on application program definition. 
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The keyboard unit processor has an event buffer. it buffers events in 
case activity is going on in the processor unit that prevents it from 
servicing all the event signals coming in. 


The communication protocol is accomplished through the use of three 
signal lines. The first control line passes the data serially. The second 
control line from the keyboard indicates to the processor unit that an 
event signal is ready, and the processor unit acknowledges this, using 
the third signal as a handshake. This return line from the processor 
unit to the keyboard unit is called the acknowledge line. It tells the 
keyboard that the processor unit has taken the bit and is making the 
appropriate handshake. 


A protocol is defined for handling overflow problems (when the 
keyboard unit overflows its buffer). The protocol allows the keyboard 
to enter a “hold-off’ state, thus permitting the processor to complete 
an activity without losing any event signals. 


The keyboard can be made to time-out and retransmit event signals 
in case of an error or a problem in the handshake. The keyboard 
processor supports N-key rollover, which means that status is 
reported as the keys are depressed and as they are released. As 
long as the event queue doesn't overflow and the processor unit 
keeps up with the event queue, an unlimited number of keys can be 
rapidly depressed. 


APPENDIXES 


INTRODUCTION 


Appendix A 8088 INSTRUCTION S 


The 8086 and 8088 execute exactly the same instructions. This 
instruction set includes equivalents to the instruction typically found in 
previous microprocessors, such as the 8080/8085. Significant new 
operations include: 


® Multiplication and division of signed and unsigned binary numbers 
as well as unpacked decimal numbers 


» Move, scan, and compare operations for strings up to 64K bytes in 
length 


® Nondestructive bit testing 
» Byte translation from one code to another 
» Software-generated interrupts 


» A group of instructions that can help coordinate the activities of 
multiprocessor systems 


These instructions treat different types of operands uniformly. Nearly 
every instruction can operate on either byte or word data. Register, 
memory, and immediate operands may be specified interchangeably 
in most instructions (except, of course, that immediate values may 
only serve as source and not destination operands). In particular, 
memory variables can be added to, subtracted from, shifted, 
compared, and so on, in place, without moving them in and out of 
registers. This saves instructions, registers, and execution time in 
assembly language programs. In high-level languages, where most 
variables are memory based, compilers, such as PL/M-86, can 
produce faster and shorter object programs. 


The 8086/8088 instruction set can be viewed as existing at two 
levels: the assembly level and the machine level. To the assembly 
language programmer, the 8086 and 8088 appear to have a repertoire 
of about 100 instructions. One MOV (move) instruction, for example, 
transfers a byte or a word from a register or a memory location or an 
immediate value to either a register or a memory location. The 8086 
and 8088 CPUs, however, recognize 28 different MOV machine 
instructions (‘move byte register to memory,” “move word immediate 
to register,” etc.). The ASM-86 assembler translates the assembly- 
level instructions written by a programmer into the machine-level 
instructions that are actually executed by the 8086 or 8088. 
Compilers such as PL/M-86 translate high-level language statements 
directly into machine-level instructions. 


The two levels of the instruction set address two different 
requirements: efficiency and simplicity. The numerous—there are 
about 300 in all—forms of machine-level instructions allow these 
instructions to make very efficient use of storage. For example, the 
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machine instruction that increments a memory operand is three or 
four bytes long because the address of the operand must be encoded 
in the instruction. To increment a register, however, does not require 
as much information, so the instruction can be shorter. In fact, the 
8086 and 8088 have eight different machine-level instructions that 
increment a different 16-bit register; these instructions are only one 
byte long. 


If a programmer had to write one instruction to increment a register, 
another to increment a memory variable, etc., the benefit of compact 
instructions would be offset by the difficulty of programming. The 
assembly-level instructions simplify the programmer's view of the 
instruction set. The programmer writes one form of the INC 
(increment) instruction and the ASM-86 assembler examines the 
operand to determine which machine-level instruction to generate. 


This section presents the 8086/8088 instruction set from two 
perspectives. First, the assembly-level instructions are described in 
functional terms. The assembly-level instructions are then presented 
in a reference table that breaks out all permissible operand 
combinations with execution times and machine instruction length, 
plus the effect that the instruction has on the CPU flags. 


The 14 data transfer instructions (Table A-1) move single bytes and 
words between memory and register as well as between register AL 
or AX and !/O ports. The stack manipulation instructions are included 
in this group as are instructions for transferring flag contents and for 
loading segment registers. 


é A-I: Data Transfer Instructions 


GENERAL PURPOSE 


MOV Move byte or word 
PUSH Push word onto stack 
POP Pop word off stack 
XCHG Exchange byte or word 
XLAT Translate byte 

INPUT /OUTPUT 
IN Input byte or word 
OUT Output byte or word 


ADDRESS OBJECT 


LEA Load effective adress 
LDS Load pointer using DS 
LES Load pointer using ES 


FLAG TRANSFER 


LAHF Load AH register from flags 
SAHF Store AH register in flags 
PUSHF Push flags onto stack 
POPF Pop flags off stack 


SSS SS SESS Ss SSS SSSA TS SE ESSER Es Soe eR SNOT 
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GENERAL PURPOSE 


DATA TRANSFERS 


MOV destination, 
source 


PUSH source 


POP destination 


XCHG destination, 


source 


XLAT translate-table 


IN accumulator, port 


OUT port, 
accumulator 


ADDRESS OBJECT 
TRANSFERS 


MOV transfers a byte or a word from the source operand to the 
destination operand. 


PUSH decrements SP (the stack pointer) by two and then transfers a 
word from the source operand to the top of stack now pointed by SP. 
PUSH often is used to place parameters on the stack before calling a 
procedure; more generally, it is the basic means of storing temporary 
data on the stack. 


POP transfers the word at the current top of stack (pointed to by SP) 
to the destination operand, and then increments SP by two to point to 
the new top of stack. POP can be used to move temporary variables 
from the stack to registers or memory. 


XCHG (exchange) switches the contents of the source and 
destination (byte or word) operands. When used in conjunction with 
the LOCK prefix, XCHG can test and set a semaphore that controls 
access to a resource shared by multiple processors. 


XLAT (translate) replaces a byte in the AL register with a byte from a 
256-byte, user-coded translation table. Register BX is assumed to 
point to the beginning of the table. The byte in AL is used as an 
index into the table and is replaced by the byte at the offset in the 
table corresponding to AL’s binary value. The first byte in the table 
has an offset of 0. For example, if AL contains 5H, and the sixth 
element of the translation table contains 33H, then AL will contain 
33H following the instruction. XLAT is useful for translating characters 
from one code to another, the classic example being ASCII to 
EBCDIC or the reverse. 


IN transfers a byte or a word, respectively, to the AL register or AX 
register, from an input port. The port number may be specified either 
with an immediate byte constant, allowing access to ports numbered 
0 through 255, or with a number previously placed in the DX register, 
allowing variable access (by changing the value in DX) to ports 
numbered from 0 through 65,535. 


OUT transfers a byte or a word from the AL register or the AX 
register, respectively, to an output port. The port number may be 
specified either with an immediate byte constant, allowing access to 
ports numbered 0 through 255, or with a number previously placed in 
register DDX, allowing variable access (by changing the value in DX) 
to ports numbered from 0 through 65,535). 


These instructions manipulate the addresses of variables rather than 
the contents or values of variables. They are most useful for list 
processing, based variables, and string operations. 
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LEA (Load Effective Address) transfers the offset of the source 
operand (rather than its value) to the destination operand. The source 
operand must be a memory operand, and the destination operand 
must be a 16-bit general register. LEA does not affect any flags. The 
XLAT and string instructions assume that certain registers point to 
operands; LEA can be used to lead these registers (e.g., loading BX 
with the address of the translate table used by the XLAT instruction). 


LDS (Load pointer using DS) transfers a 32-bit pointer variable from 
source operand, which must be a memory operand, to the destination 
operand and register DS. The offset word of the pointer is transferred 
to the destination operand, which may be any 16-bit general register. 
The segment word of the pointer is transferred to register DS. 
Specifying SI as the destination operand is a convenient way to 
prepare to process a source string that is not in the current data _ 
segment (string instructions assume that the source string is located 
in the current data segment and that SI contains the offset of the 
string). 


LES (Load pointer using ES) transfers a 32-bit pointer variable from 
the source operand, which must be a memory operand, to the 
destination operand and register ES. The offset word of the pointer is 
transferred to the destination operand, which may be any 16-bit 
general register. The segment word of the pointer is transferred to 
register ES. Specifying DI as the destination operand is a convenient 
way to prepare to process a destination string that is not in the 
current extra segment. (The destination string must be located in the 
extra segment, and DI must contain the offset of the string.) 


LAHF (Load register AH from Flags) copies SF, ZF, AF, PF and CF 
(the 8080/8085 flags) into bits 7, 6, 4, 2 and 0, respectively, of 
register AH (see Figure A-1). The content of bits 5, 3 and 1 is 
undefined; the flags themselves are not affected. LAHF is provided 
primarily for converting 8080/8085 assembly language programs to 
run on an 8086 or 8088. 
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SAHF (Store register AH into Flags) transfers bits 7, 6, 4, 2, and 0 
from register AH into SF, ZF, AF, PF, and CF, respectively, replacing 
whatever values these flags previously had. OF, DF, IF and TF are not 
affected. This instruction is provided for 8080/8085 compatibility. 


PUSHF decrements SP (the stack pointer) by two and then transfers 
all flags to the word at the top of stack pointed to be SP (see Figure 
A-1). The flags themselves are not affected. 


POPF transfers specific bits from the word at the current top of stack 
(pointed to by register SP) into the 8086/8088 flags, replacing 
whatever values the flags previously contained (Figure A-2). SP is 
then incremented by two to point to the new top of stack. PUSHF and 
POPF allow a procedure to save and restore a calling program’s 
flags. They also allow a program to change the setting of TF (there is 
no instruction for updating this flag directly). The change is 
accomplished by pushing the flags, altering bit 8 of the memory 
image, and then popping the flags. 


| I  —_——__==_=__=_= EE 
Figure A-2: Flag Storage Formats 
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ARITHMETIC 
INSTRUCTIONS 


ARITHMETIC DATA 8086 and 8088 arithmetic operations (Table A-2) may be performed 

FORMATS on four types of numbers: unsigned binary, signed binary (integers), 
unsigned packed decimal and unsigned unpacked decimal (see Table 
A-3). Binary numbers may be 8 or 16 bits long. Decimal numbers are 
stored in bytes, two digits per byte for packed decimal and one digit 
per byte for unpacked decimal. The processor always assumes that 
the operands specified in arithmetic instructions contain data that 
represent valid numbers for the type of instruction being performed. 
Invalid data may produce unpredictable results. 


ADDITION 
ADD Add byte or word 
ADC Add byte or word with carry 
INC Increment byte or word by 1 
AAA ASCII adjust for addition 
DAA Decimal adjust for addition 


SUBTRACTION 


SUB Subtract byte or word 

SBB Subtract byte or word with borrow. 
DEC Decrement byte or word by 1 
NEG Negate byte or word 

CMP Compare byte or word 

AAS ASCII adjust for subtraction 

DAS Decimal adjust for subtraction 


MULTIPLICATION 


MUL Multiply byte or word unsigned 

IMUL Integer multiply byte or word 

AAM ASCII adjust for multiply 
DIVISION 

DIV Divide byte or word unsigned 

IDIV Integer divide byte or word 

AAD ASCII adjust for division 

CBW Convert byte to word 

CWD Convert word to doubleword 


Table A-3: Arithmetic Interpretation of 8-Bit Numbers 


UNSIGNED SIGNED UNPACKED PACKED 


HEX BIT PATTERN BINARY BINARY DECIMAL DECIMAL 
07 00000111 7 +7 ‘ib ri 

89 10001001 137 -119 Invalid 89 
C5 11000101 197 -59 Invalid Invalid 
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Unsigned binary numbers may be either 8 or 16 bits long; all are 
considered in determining a number's magnitude. The value range of 
an 8-bit unsigned binary number is 0-255; 16 bits can represent 
values from 0 through 65,535. Addition, subtraction, multiplication, and 
division operations are available for unsigned binary numbers. 


Signed binary numbers (integers) may be either 8 or 16 bits long. The 
high-order (leftmost) bit is interpreted as the number’s sign: 

0 = positive, and 1 = negative. Negative numbers are represented in 
standard two’s complement notation. Since the high-order bit is used 
for a sign, the range of an 8-bit integer is -128 through +127; 16-bit 
integers may range from -32,768 through +32,767. The value zero has 
a positive sign. Multiplication and division operations are provided for 
signed binary numbers. Addition and subtraction are performed with 
the unsigned binary instructions. Conditional jump instructions, as well 
as an “interrupt on overflow” instruction, can be used following an 
unsigned operation on an integer to detect overflow into the sign bit. 


Packed decimal numbers are stored as unsigned byte quantities. The 
byte is treated as having one decimal digit in each half-byte (nibble); 
the digit in the high-order half-byte is the most significant. 
Hexadecimal values 0-9 are valid in each half-byte, and the range of 
a packed decimal number is 0-99. Addition and subtraction are 
performed in two steps. First an unsigned binary instruction is used to 
produce an intermediate result in register AL. Then an adjustment 
operation is performed which changes the intermediate value in AL to 
a final correct packed decimal result. Multiplication and division 
adjustments are not available for packed decimal numbers. 


Unpacked decimal numbers are stored as unsigned byte quantities. 
The magnitude of the number is determined from the low-order half- 
byte; hexadecimal values 0-9 are valid and are interpreted as decimal 
numbers. The high-order half-byte must be zero for multiplication and 
division; it may contain any value for addition and subtraction. 
Arithmetic on unpacked decimal numbers is performed in two steps. 
The unsigned binary addition, subtraction, and multiplication 
operations are used to produce an intermediate result in register AL. 
An adjustment instruction then changes the value in AL to a final 
correct unpacked decimal number. Division is performed similarly, 
except that the adjustment is carried out on the numerator operand in 
register AL first, and then a following unsigned binary division 
instruction produces a correct result. 


Unpacked decimal numbers are similar to the ASCII character 
representations of the digits 0-9. Note, however, that the high-order 
half-byte of an ASCII numeral is always 3H. Unpacked decimal 
arithmetic may be performed on ASCII numeric characters under the 
following conditions: 


» The high-order half-byte of an ASCIl numeral must be set to OH 
prior to multiplication or division. 


» Unpacked decimal arithmetic leaves the high-order half-byte set to 
OH; it must be set to 3H to produce a valid ASCIl numeral. 
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ARITHMETIC 
INSTRUCTIONS AND 
FLAGS 


The 8086/8088 arithmetic instructions post certain characteristics of 
the result of the operation to six flags. Most of these flags can be 
tested by following the arithmetic instruction with a conditional jump 
instruction; the INTO (interrupt on overflow) instruction also may be 
used. The various instructions affect the flags differently, as explained 
in the instruction descriptions. However, they follow these general 
rules: 


b 


e 


CF (Carry Flag): If an addition results in a carry out of the high- 
order bit of the result, then CF is set; otherwise CF is cleared. If a 
subtraction results in a borrow into the high-order bit of the result, 
then CF is set; otherwise CF is cleared. Note that a signed carry is 
indicated by CF=OF. CF can be used to detect an unsigned 
overflow. Two instructions, ADC (add with carry) and SBB (subtract 
with borrow), incorporate the carry flag in their operations and can 
be used to perform multibyte (e.g., 32-bit, 64-bit) addition and 
subtraction. 


AF (Auxiliary Carry Flag): If an addition results in a carry out of the 
low-order half-byte of the result, then AF is set; otherwise AF is 
cleared. If a subtraction results in a borrow into the low-order half- 
byte of the result, then AF is set; otherwise AF is cleared. The 
auxiliary carry flag is provided for the decimal adjust instructions 
and ordinarily is not used for any other purpose. 


SF (Sign Flag): Arithmetic and logical instructions set the sign flag 
equal to the high-order bit (bit 7 or 15) of the result. For signed 
binary numbers, the sign flag will be 0 for positive results and | for 
negative results (so long as overflow does not occur). A 
conditional jump instruction can be used following addition or 
subtraction to alter the flow of the program depending on the sign 
of the result. Programs performing unsigned operations typically 
ignore SF since the high-order bit of the result is interpreted as a 
digit rather than a sign. 


ZF (Zero Flag): If the result of an arithmetic or logical operation is 
zero, then ZF is set; otherwise ZF is cleared. A conditional jump 
instruction can be used to alter the flow of the program if the 
result is or is not zero. 


PF (Parity Flag): If the low-order eight bits of an arithmetic or 
logical result contain an even number of 1-bits, then the parity flag 
is set; otherwise it is cleared. 


PF is provided for 8080/8085 compatibility; it also can be used to 
check ASCII characters for correct parity. 


OF (Overflow Flag): If the result of an operation is too large a 
positive number, or too small a negative number to fit in the 
destination operand (excluding the sign bit), then OF is set; 
otherwise OF is cleared. OF thus indicates signed arithmetic 
overflow; it can be tested with a conditional jump or the INTO 
(interrupt on overflow) instruction. OF may be ignored when 
performing unsigned arithmetic. 
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DEC destination 
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The sum of the two operands, which may be bytes or words, replaces 
the destination operand. Both operands may be signed or unsigned 
binary numbers (see AAA and DAA). ADD updates AF, CF, OF, PF, 
SF, and ZF. 


ADC (Add with Carry) sums the operands, which may be bytes or 
words, adds one if CF is set, and replaces the destination operand 
with the result. Both operands may be signed or unsigned binary 
numbers (see AAA and DAA). ADC updates AF, CF, OF, PF, SF, and 
ZF. Since ADC incorporates a carry from a previous operation, it can 
be used to write routines to add numbers longer than 16 bits. 


INC (Increment) adds one to the destination operand. The operand 
may be a byte or a word and is treated as an unsigned binary 
number (see AAA and DAA). INC updates AF, OF, PF, SF, and ZF; it 
does not affect CF. 


AAA (ASCII Adjust for Addition) changes the contents of register AL 
to a valid unpacked decimal number; the high-order half-byte is 
zeroed. AAA updates AF and CF; the content of OF, PF, SF, and ZF is 
undefined following execution of AAA. 


DAA (Decimal Adjust for Addition) corrects the result of previously 
adding two valid packed decimal operands (the destination operand 
must have been register AL). DAA changes the content of AL to a 
pair of valid packed decimal digits. It updates AF, CF, PF, SF, and ZF: 
the content of OF is undefined following execution of DAA. 


The source operand is subtracted from the destination operand, and 
the result replaces the destination operand. The operands may be 
bytes or words. Both operands may be signed or unsigned binary 
numbers (see AAS and DAS). SUB updates AF, CF, OF, PF, SF, and ZF. 


SBB (Subtract with Borrow) subtracts the source from the destination, 
subtracts one if CF is set, and returns the result to the destination 
operand. Both operands may be bytes or words. Both operands may 
be signed or unsigned binary numbers (see AAS and DAS). SBB 
updates AF, CF, OF, PF, SF, and ZF. Since it incorporates a borrow 
from a previous operation, SBB may be used to write routines that 
subtract numbers longer than 16 bits. 


DEC (Decrement) subtracts one from the destination, which may be a 
byte or a word. DEC updates AF, OF, PF, SF, and ZF: it does not 
affect CF. 


NEG (Negate) subtracts the destination operand, which may be a 
byte or a word, from 0 and returns the result to the destination. This 
forms the two's complement of the number, effectively reversing the 
sign of an interger. If the operand is zero, its sign is not changed. 
Attempting to negate a byte containing -128 or a word containing 
-32,/68 causes no change to the operand and sets OF. NEG updates 
AF, CF, OF, PF, SF, and ZF. CF is always set except when the 
operand is zero, in which case it is cleared. 
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CMP (Compare) subtracts the source from the destination, which may 
be bytes or words, but does not return the result. The operands are 
unchanged, but the flags are updated and can be tested by a 
subsequent conditional jump instruction. CMP updates AF, CF, OF, PF, 
SF, and ZF. The comparison reflected in the flags is that of the 
destination to the source. If a CMP instruction is followed by a JG 
(Jump if Greater) instruction, for example, the jump is taken if the 
destination operand is greater than the source operand. 


AAS (ASCIi Adjust for Subtraction) corrects the result of a previous 
subtraction of two valid unpacked decimal operands (the destination 
operand must have been specified as register AL). AAS changes the 
content of AL to a valid unpacked decimal number; the high-order 
half-byte is zeroed. AAS updates AF and CF; the content of OF, PF, 
SF, and ZF is undefined following execution of AAS. 


DAS (Decimal Adjust for Subtraction) corrects the result of a previous 
subtraction of two valid packed decimal operands (the destination 
operand must have been specified as register AL). DAS changes the 
content of AL to a pair of valid packed decimal digits. DAS updates 
AF, CF, PF, SF, and ZF; the content of OF is undefined following 
execution of DAS. 


MUL (Multiply) performs an unsigned multiplication of the source 
operand and the accumulator. If the source is a byte, then it is 
multiplied by register AL, and the double-length result is returned in 
AH and AL. If the source operand is a word, then it is multiplied by 
register AX, and the double-length result is returned in registers DX 
and AX. The operands are treated as unsigned binary numbers (see 
AAM). If the upper half of the result (AH for byte source, DX for word 
source) is nonzero, CF and OF are set; otherwise they are cleared. 
When CF and OF are set, they indicate that AH or DX contains 
significant digits of the result. The content of AF, PF, SF, and ZF is 
undefined following execution of MUL. 


IMUL (Integer Multiply) performs a signed multiplication of the source 
operand and the accumulator. If the source is a byte, then it is 
multiplied by register AL, and the double-length result is returned in 
AH and AL. If the source is a word, then it is multiplied by register 
AX, and the double-length result is returned in registers DX and AX. If 
the upper half of the result (AH for byte source, DX for word source) 
is not the sign extension of the lower half of result, CF and OF are 
set; otherwise they are cleared. When CF and OF are set, they 
indicate that AH or DX contains significant digits of the result. The 
ae of AF, PF, SF, and ZF is undefined following execution of 
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AAM (ASCII Adjust for Multiply) corrects the result of a previous 
multiplication of two valid unpacked decimal operands. A valid 2-digit 
unpacked decimal number is derived from the content of AH and AL 
and is returned to AH and AL. The high-order half-bytes of the 
multiplied operands must have been OH for AAM to produce a correct 
result. AAM updates PF, SF, and ZF; the content of AF, CF, and OF is 
undefined following execution AAM. 


DIV (divide) performs an unsigned division of accumulator (and its 
extension) by the source operand. If the source operand is a byte, it 
is divided into the double-length dividend assumed to be in registers 
AL and AH. The single-length quotient is returned in AL, and the 
single-length remainder is returned in AH. If the source operand is a 
word, it is divided into the double-length dividend in registers AX and 
DX. The single-length quotient is returned in AX, and the single-length 
remainder is returned in DX. If the quotient exceeds the capacity of 
its destination register (FFH for byte source, FFFFFH for word source), 
as when division by zero is attempted, a type 0 interrupt is generated, 
and the quotient and remainder are undefined. Nonintegral quotients 
are truncated to integers. The content of AF, CF, OF, PF, SF, and ZF 
is undefined following execution of DIV. 


IDIV (Integer Divide) performs a signed division of the accumulator 
(and its extension) by the source operand. If the source operand is a 
byte, it is divided into the double-length dividend assumed to be in 
registers AL and AH; the single-length quotient is returned in AL, and 
the single-length remainder is returned in AH. For byte integer 
division, the maximum positive quotient is +127(7FH) and the 
minimum negative quotient is 127(81H). If the source operand is a 
word,it is divided into the double-length dividend in registers AX and 
Dx; the single-length quotient is returned in AX, and the single-length 
remainder is returned in DX. For word integer division, the maximum 
positive quotient is +32,767 (7FFFH) and the minimum negative 
quotient is 32,767 (8001H). If the quotient is positive and exceeds the 
maximum, or is negative and is less than the minimum, the quotient 
and remainder are undefined, and a type 0 interrupt is generated. In 
particular, this occurs if division by 0 is attempted. Nonintegral 
quotients are truncated (toward 0) to integers, and the remainder has 
the same sign as the dividend. The content of AF, CF, OF, PF, SF, 
and ZF is undefined following IDIV. 


AAD (ASCII Adjust for Division) modifies the numerator in AL before 
dividing two valid unpacked decimal operands so that the quotient 
produced by the division will be a valid unpacked decimal number. 
AH must be zero for the subsequent DIV to produce the correct 
result. The quotient is returned in AL, and the remainder is returned in 
AH; both high-order half-bytes are zeroed. AAD updates PF, SF, and 
ZF; the content of AF, CF, and OF is undefined following execution of 
AAD. 
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BIT MANIPULATION 
INSTRUCTIONS 


LOGICAL 


CBW (Convert Byte to Word) extends the sign of the byte in register 

AL throughout register AH. CBW does not affect any flags. CBW can 
be used to produce a double-length (word) dividend from a byte prior 
to performing byte division. 


CWD (Convert Word to Doubleword) extends the sign of the word in 
register DX. CWD does not affect any flags. CWD can be used to 
produce a double-length (doubleword) dividend from a word prior to 
performing word division. 


The 8086 and 8088 provide three groups of instructions (Table A-4) 
for manipulating bits within both bytes and words: logical, shifts, and 
rotates. 


Table A-4: Bit Manupulation Instructions 


LOGICALS 
NOT “Not” byte or word 
AND “And” byte or word 
OR “Inclusive or’ byte or word 
XOR “Exclusive or” byte or word 
TEST “Test” byte or word 
SHIFTS 
SHL/SAL Shift logical/arithmetic left byte or word 
SHR Shift logical right byte or word 
SAR Shift arithmetic right byte or word 
ROTATES 
ROL Rotate left byte or word 
ROR Rotate right byte or word 
RCL Rotate through carry left byte or word 
RCR Rotate through carry right byte or word 


5s ob 


The logical instructions include the boolean operators “not,” “and,” 
“inclusive or’, and “exclusive or’, plus a TEST instruction that sets 
the flags, but does not alter either of its operands. 


AND, OR, XOR and TEST affect the flags as follows: The overflow 
(OF) and carry (CF) flags are always cleared by logical instructions, 
and the content of the auxiliary carry (AF) flag is always undefined 
following execution of a logical instruction. The sign (SF), zero (ZF) 
and parity (PF) flags are always posted to reflect the result of the 
operation and can be tested by conditional jump instructions. The 
interpretation of these flags is the same as for arithmetic instructions. 
SF is set if the result is negative (high-order bit is 1), and is cleared if 
the result is positive (high-order bit is 0). ZF is set if the result is zero; 
it is otherwise cleared. PF is set if the result contains an even number 
of 1-bits (has even parity) and is cleared if the number of 1-bits is 
odd (the result has odd parity). Note that NOT has no effect on the 
flags. 
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TEST destination, 
source 


SHIFTS 
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NOT inverts the bits (forms the one’s complement) of the byte or 
word operand. 


AND performs the logical “and” of the two operands (byte or word) 
and returns the result to the destination operand. A bit in the result is 
set if both correspondence bits of the original operands are set; 
otherwise the bit is cleared. 


OR performs the logical “inclusive or” of the two operands (byte or 
word) and returns the result to the destination operand. A bit in the 
result is set if either or both corresponding bits in the original 
operands are set; otherwise the result bit is cleared. 


XOR (Exclusive Or) performs the logical “exclusive or” of the two 
operands and returns the result to the destination operand. A bit in 
the result is set if the corresponding bits of the original operands 
contain opposite values (one is set, the other is cleared); otherwise 
the result bit is cleared. 


TEST performs the logical “and” of the two operands (byte or word), 
updates the flags, but does not return the result—i.e., neither operand 
is changed. If a TEST instruction is followed by a JNZ (Jump if Not 
Zero) instruction, the jump will be taken if there are any 
corresponding 1-bits in both operands. 


The bits in bytes and words may be shifted arithmetically or logically. 
Up to 255 shifts may be performed, according to the value of the 
count operand coded in the instruction. The count may be specified 
as the constant 1, or as register CL, allowing the shift count to be a 
variable supplied at execution time. Arithmetic shifts may be used to 
multiply and divide binary numbers by powers of two (see note in 
description of SAR). Logical shifts can be used to isolate bits in bytes 
or words. 


Shift instructions affect the flags as follows: AF is always undefined 
following a shift operation. PF, SF, and ZF are updated normally, as in 
the logical instructions. CF always contains the value of the last bit 
shifted out of the destination operand. The content of OF is always 
undefined following a multibit shift. In a single-bit shift, OF is set if the 
value of the high-order (sign) bit was changed by the operation; if the 
sign bit retains its original value, OF is cleared. 


SHL and SAL (Shift Logical Left and Shift Arithmetic Left) perform the 
same operation and are physically the same instruction. The 
destination byte or word is shifted left by the number of bits specified 
in the count operand. Zeros are shifted in on the right. If the sign bit 
retains its original value, then IF is cleared. 


SHR (Shift Logical Right) shifts the bits in the destination operand 
(byte or word) to the right by the number of bits specified in the count 
operand. Zeros are shifted in on the left. If the sign bit retains its 
Original value, then OF is cleared. 
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SAR (Shift Arithmetic Right) shifts the bits in the destination operand 
(byte or word) to the right by the number of bits specified in the count 
operand. Bits equal to the original high-order (sign) bit are shifted in 
on the left, preserving the sign of the original value. Note that SAR 
does not produce the same result as the dividend of an equivalent 
IDIV instruction if the destination operand is negative and 1-bits are 
shifted out. For example, shifting -5 right by one bit yields -3, while 
integer division of -5 by 2 yields -2. The difference in the instructions 
is that IDIV truncates all numbers toward zero, while SAR truncates 
positive numbers toward zero and negative numbers toward negative 
infinity. 


Bits in bytes and words also may be rotated. Bits rotated out of an 
operand are not lost as in a shift, but are circled back into the other 
end of the operand. As in the shift instructions, the number of bits to 
be rotated is taken from the count operand, which may specify either 
a constant of 1, or the CL register. The carry flag may act as an 
extension of the operand in two of the rotate instructions, allowing a 
bit to be isolated in CF and then tested by a JC (Jump if Carry) or 
JNC (Jump if Not Carry) instruction. 


Rotates affect only the carry and overflow flags. CF always contains 
the value of the last bit rotated out. On multibit rotates, the value of 
OF is always undefined. In single-bit rotates, OF is set if the operation 
changes the high-order (sign) bit of the destination operand. If the 
sign bit retains its original value, OF is cleared. 


ROL (Rotate Left) rotates the destination byte or word left by the 
number of bits specified in the count operand. 


ROR (Rotate Right) operates similar to ROL except that the bits in the 
destination byte or word are rotated right instead of left. 


RCL (Rotate through Carry Left) rotates the bits in the byte or word 
destination operand to the left by the number of bits specified in the 
count operand. The carry flag (CF) is treated as “part of’ the 
destination operand; that is, its value is rotated into the low-order bit 
of the destination, and is itself replaced by the high-order bit of the 
destination. 


RCR (Rotate through Carry Right) operates exactly like RCL except 
that the bits are rotated right instead of left. 


Five basic string operations, called primitives, allow strings of bytes or 
words to be operated on, one element (byte or word) at a time. 
Strings of up to 64k bytes may be manipulated with these instructions. 
Instructions are available to move, compare, and scan for a value, as 
well as for moving string elements to and from the accumulator (see 
Table A-5). These basic operations may be preceded by a special 
one-byte prefix that causes the instruction to be repeated by the 
hardware, allowing long strings to be processed much faster than 
would be possible with a software loop. The repetitions can be 
terminated by a variety of conditions, and a repeated operation may 
be interrupted and resumed. 
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Table A-5: String Instructions 


REP Repeat 

REPE/REPZ Repeat while equal/zero 
REPNE/REPNZ Repeat while not equal/not zero 
MOVS Move byte or word string 
MOVSB/MOVSW Move byte or word string 

CMPS Compare byte or word string 
SCAS Scan byte or word string 

LODS Load byte or word string 

STOS Store byte or word string 


The string instructions operate quite similarly in many respects; the 
common characteristics are covered here and in Table A-6 and 
Figure A-2 rather than in the descriptions of the individual instructions. 
A string instruction may have a source operand, a destination 
operand, or both. The hardware assumes that a source string resides 
in the current data segment; a segment prefix byte may be used to 
override this assumption. A destination string must be in the current 
extra segment. The assembler checks the attributes of the operands 
to determine if the elements of the strings are bytes or words. The 
assembler does not, however, use the operand names to address the 
strings. Rather, the content of register SI (source index) is used as an 
offset to address the current element of the source string, and the 
content of register DI (destination index) is taken as the offset of the 
current destination string element. These registers must be initialized 
to point to the source/destination strings before executing the string 
instruction; the LDS, LES, and LEA instructions are useful in this 
regard. 


Table A-6: String Instruction Register and Flag Use 


Si Index (offset) for source string 
DI Index (offset) for destination 
CX Repetition counter 

AL/AX Scan value 


Destination for LODS 
Source for STOS 


DF O=auto-increment SI, Dl 
1=auto-decrement SI, DI 
ZF Scan/compare terminator 


The string instructions automatically update S! and/or DI in 
anticipation of processing the next string element. The DF (direction 
flag) setting determines whether the index registers are auto 
decremented (DF=1). If byte strings are being processed, SI and/or 
DI is adjusted by 1; the adjustment is 2 for word strings. 
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lf a Repeat prefix has been coded, then register CX (count register) is 
decremented by 1 after each repetition of the string instruction; 
therefore, CX must be initialized to the number of repetitions desired 
before the string instruction is executed. If CX is 0, the string 
instruction is not executed, and control goes to the following 
instruction. 


REP (Repeat), REPE (Repeat While Equal), REPZ (Repeat While Zero), 
REPNE (Repeat While Not Equal), and REPNZ (Repeat While Not 
Zero) are five mnemonics for two forms of the prefix byte that 
controls repetition of a subsequent string instruction. The different 
mnemonics are provided to improve program clarity. The repeat 
prefixes do not affect the flags. 


REP is used in conjunction with the MOVS (Move String) and STOS 
(Store String) instructions and is interpreted as “repeat while not end- 
of-string” (CX not 0). REPE and REPZ operate identically and are 
physically the same prefix byte as REP. These instructions are used 
with the CMPS (Compare String) and SCAS (Scan String) instructions 
and require ZF (posted by these instructions) to be set before 
initiating the next repetition. REPNE and REPNZ are two mnemonics 
for the same prefix byte. These instructions function the same as 
REPE and REPZ, except that the zero flag must be cleared or the 
repetition is terminated. Note that ZF does not need to be initialized 
before executing the repeated string instruction. 


Repeated string sequences are interruptable; the processor will 
recognize the interrupt before processing the next string element. 
System interrupt processing is not affected in any way. Upon return 
from the interrupt, the repeated operation is resumed from the point of 
interruption. Note, however, that execution does not resume properly if 
a second or third prefix (i.e., segment override or LOCK) has been 
specified in addition to any of the repeat prefixes. The processor 
“remembers” only one prefix in effect at the time of the interrupt—the 
prefix that immediately precedes the string instruction. After returning 
from the interrupt, processing resumes at this point, but any additional 
prefixes specified are not in effect. If more than one prefix must be 
used with a string instruction, interrupts may be disabled for the 
duration of the repeated execution. However, this will not prevent a 
nonmaskable interrupt from being recognized. Also, the time that the 
system is unable to respond to interrupts may be unacceptable if long 
strings are being processed. 


MOVS (Move String) transfers a byte or a word from the source string 
(addressed by Sl) to the destination string (addressed by Dl) and 
updates SI and DI to point to the next string element. When used in 
conjunction with REP, MOVS performs a memory-to-memory block 
transfer. 


MOVSB and MOVSW are alternate mnemonics for the move string 
instruction. These mnemonics are coded without operands; they 
explicitly tell the assembler that a byte string (MOVSB) or a word 
string (MOVSW) is to be moved (when MOVS is coded, the assembler 
determines the string type from the attributes of the operands). These 
mnemonics are useful when the assembler cannot determine the 
attributes of a string—e.g., when a section of code is being moved. 
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CMPS (Compare String) subtracts the destination byte or word 
(addressed by Dl) from the source byte or word (addressed by SI). 
CMPS affects flags without altering either operand, updates SI and DI 
to point to the next string element, and updates AF, CF, OF, PF, SF, 
and ZF to reflect the relationship of the destination element to the 
source element. For example, if a JG (Jump if Greater) instruction 
follows CMPS, the jump is taken if the destination element is greater 
than the source element. If CMPS is prefixed with REPE or REPZ, the 
operation is interpreted as “compare while not end-of-string (CX not 
zero) and strings are equal (ZF=1).” If CMPS is preceded by REPNE 
or REPNZ, the operation is interpreted as “compare while not end-of- 
string (CX not zero) and strings are not equal (ZF=0).” Thus, CMPS 
can be used to find matching or differing string elements. 


SCAS (Scan String) subtracts the destination string element (byte or 
word) addressed by DI from the content of AL (byte string) or AX 
(word string) and updates the flags, but does not alter the destination 
string or the accumulator. SCAS also updates DI to point to the next 
string element and AF, CF, OF, PF, SF, and ZF to reflect the 
relationship of the scan value in AL/AX to the string element. If SCAS 
is prefixed with REPE or REPZ, the operation is interpreted as ‘scan 
while not end-of-string (CX not 0) and string-element scan value 
(ZF=1)."” This form may be used to scan for departure from a given 
value. If SCAS is prefixed with REPNE or REPNZ, the operation is 
interpreted as ‘scan while not end-of-string (CX not 0) and string- 
element is not equal to scan-value (ZF=0).” This form may be used to 
locate a value in a string. 


LODS (Load String) transfers the byte or word string element 
addressed by SI to register AL or AX, and updates SI! to point to the 
next element in the string. This instruction is not ordinarily repeated 
since the accumulator would be overwritten by each repetition, and 
only the last element would be retained. However, LODS is very 
useful in software loops as part of a more complex string function 
built up from string primitives and other instructions. 


STOS (Store String) transfers a byte or word from register AL or AX 
to the string element addressed by DI and updates DI to point to the 
next location in the string. As a repeated operation, STOS provides a 
convenient way to initialize a string to a constant value (e.g., to blank 
out a print line). 


The sequence of execution of instructions in an 8086/8088 program 
is determined by the content of the code segment register (CS) and 
the instruction pointer (IP). The CS register contains the base address 
of the current code segment, the 64k portion of memory from which 
instructions are presently being fetched. The IP is used as an offset 
from the beginning of the code segment; the combination of CS and 
IP points to the memory location from which the next instruction is to 
be fetched. (Recall that under most operating conditions, the next 
instruction to be executed has already been fetched from memory 
and is waiting in the CPU instruction queue.) The program transfer 
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instructions operate on the instruction pointer and on the CS register; 
changing the content of these causes normal sequential execution to 
be altered. When a program transfer occurs, the queue no longer 
contains the correct instruction, and the BIU obtains the next 
instruction from memory using the new IP and CS values, passes the 
instruction directly to the EU, and then begins refilling the queue from 
the new location. 


Four groups of program transfers are available in the 8086/8088: 
unconditional transfers, conditional transfers, iteration control 
instructions and interrupt-related instructions (see Table A-7). Only the 
interrupt-related instructions affect any CPU flags. As will be seen, 
however, the execution of many of the program transfer instructions is 
affected by the states of the flags. 


UNCONDITIONAL TRANSFERS 


CALL Call procedure 
RET Return from procedure 
JMP Jump 


CONDITIONAL TRANSFERS 


JA/JNBE Jump if above/not below or equal 
JAE/JNB Jump if above or equal/not below 
JB/JNAE Jump if below/not above or equal 
JBE/JNA Jump if below or equal/not above 
JC Jump if carry 

JE/JZ Jump if equal/zero 

JG/JNLE Jump if greater/not less or equal 
JGE/JNL Jump if greater or equai/not less 
JL/JNGE Jump if less/not greater or equal 
JLE/JNG Jump if less or equal/not greater 
JNC Jump if not carry 

JNE/JNZ Jump if not equal/not zero 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd 

JNS Jump if not sign 

JO Jump if overflow 

JP/JPE Jump if parity/parity even 

JS Jump if sign 


ITERATION CONTROLS 


LOOP Loop 

LOOPE/LOOPZ Loop if equal/zero 

LOOPNE/LOOPNZ Loop if not equal/not zero 

JCXZ Jump if register CX=0 
INTERRUPTS 

INT Interrupt 

INTO Interrupt if overflow 

IRET Interrupt return 
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The unconditional transfer instructions may transfer control to a target 
instruction within the current code segment (intrasegment transfer) or 
to a different code segment (intersegment transfer). The ASM-86 
assembler terms an intrasegment target NEAR and an intersegment 
target FAR. The transfer is made unconditionally any time the 
instruction is executed. 


CALL activates an out-of-line procedure, saving information on the 
stack to permit a RET (return) instruction in the procedure to transfer 
control back to the instruction following the CALL. The assembler 
generates one of two types of CALL instruction; the type depends on 
whether the programmer has defined the procedure name as NEAR 
or FAR. For control to return properly, the type of CALL instruction 
must match the type of RET instruction that exits from the procedure. 
(The potential for a mismatch exists if the procedure and the CALL 
are contained in separately assembled programs.) Different forms of 
the CALL instruction allow the address of the target procedure to be 
obtained from the instruction itself (direct CALL) or from a memory 
location or register referenced by the instruction (indirect CALL). In 
the following descriptions, bear in mind that the processor 
automatically adjusts IP to point to the next instruction to be executed 
before saving it on the stack. 


For an intrasegment direct CALL, SP (the stack pointer) is 
decremented by two and IP is pushed onto the stack. The relative 
displacement (up to +32k) of the target procedure from the CALL 
instruction is then added to the instruction pointer. This form of the 
CALL instruction is self-relative and is appropriate for position- 
independent (dynamically relocatable) routines in which the CALL and 
its target are in the same segment and are moved together. 


An intrasegment indirect CALL may be made through memory or 
through a register. SP is decremented by two and IP is pushed onto 
the stack. The offset of the target procedure is obtained from the 
memory word or 16-bit general register referenced in the instruction 
and replaces IP. 


For an intersegment direct CALL, SP is decremented by two, and CS 
is pushed onto the stack. CS is replaced by the segment word 
contained in the instruction. SP again is decremented by two. IP is 
pushed onto the stack and is replaced by the offset word contained 
in the instruction. 


For an intersegment indirect CALL (which only may be made through 
memory), SP is decremented by two, and CS is pushed onto the 
stack. CS is then replaced by the content of the second word of the 
doubleword memory pointer referenced by the instruction. SP again is 
decremented by two, and IP is pushed onto the stack and is replaced 
by the content of the first word of the doubleword pointer referenced 
by the instruction. 
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RET (Return) transfers control from a procedure back to the 
instruction following the CALL that activated the procedure. The 
assembler generates either an intrasegment RET, if the programmer 
has defined the procedure NEAR, or an intersegment RET, if the 
procedure has been defined as FAR. RET pops the word at the top of 
the stack (pointed to by register SP) into the instruction pointer and 
increments SP by two. If RET is intersegment, the word at the new 
top of stack is popped into the CS register, and SP is again 
incremented by two. If an optional pop value has been specified, RET 
adds that value to SP. This feature may be used to discard 
parameters pushed onto the stack before the execution of the CALL 
instruction. 


JMP unconditionally transfers control to the target location. Unlike a 
CALL instruction, JMP does not save any information on the stack, 
and no return to the instruction following the JUMP is expected. Like 
CALL, the address of the target operand may be obtained from the 
instruction itself (direct JMP) or from memory or a register referenced 
by the instruction (indirect JMP). 


An intrasegment direct JMP changes the instruction pointer by adding 
the relative displacement of the target from the JMP instruction. If the 
assembler can determine that the target is within 127 bytes of the 
JMP, it automatically generates a two-byte form of this instruction 
called a SHORT JMP; otherwise, it generates a NEAR JMP that can 
address a target within +32k. Intrasegment direct JMPS are self- 
relative and are appropriate in position-independent (dynamically 
relocatable) routines in which the JMP and its target are in the same 
segment and are moved together. 


An intrasegment indirect JMP may be made either through memory or 
through a 16-bit general register. In the first case, the content of the 
word referenced by the instruction replaces the instruction pointer. In 
the second case, the new IP value is taken from the register named 
in the instruction. 


An intersegment direct JMP replaces IP and CS with values contained 
in the instruction. 


An intersegment indirect JMP may be made only through memory. 
The first word of the doubleword pointer referenced by the instruction 
replaces IP, and the second word replaces CS. 


The conditional transfer instructions are jumps that may or may not 
transfer control depending on the state of the CPU flags at the time 
the instruction is executed. These 18 instructions (see Table A-8) 
each test a different combination of flags for a condition. If the 
condition is true, then control is transferred to the target specified in 
the instruction. If the condition is false, then control passes to the 
instruction that follows the conditional jump. All conditional jumps are 
SHORT, that is, the target must be in the current code segment and 
within -128 to +127 bytes of the first byte of the next instruction (JMP 
OOH jumps to the first byte of the next instruction). Since the jump is 
made by adding the relative displacement of the target to the 
instruction pointer, all conditional jumps are self-relative and are 
appropriate for position-independent routines. 
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Interpretation of Conditional Transfers 


MNEMONIC CONDITION TESTED “JUMP IF...” 

JA/JNBE (CF or ZF)=0 above/not below or equal 
JAE/JNB CF=0 above or equal/not below 
JB/JNAE CF=1 below/not above or equal 
JBE/JNA (CF or ZF)=1 below or equal/not above 
JC CF=1 carry 

JE/JZ ZF=1 equal/zero 

JG/JNLE ((SF xor OF) or ZF)=0 greater/not less or equal 
JGE/JNL (SF xor OF)=0 greater or equal/not less 
JL/JNGE (SF xor OF)=1 less/not greater or equal 
JLE/JNG ((SF xor OF) or ZF)=1 less or equal/not greater 
JNC CF=0 not carry 

JNE/JNZ ZF=0 not equal/not zero 

JNO OF=0 not overflow 

JNP/JPO PF=0 not parity/parity odd 

JNS SF=0 not sign 

JO OF=1 overflow 

JP/JPE PF=1 parity/parity equal 

Js SF=1 sign 


NOTE: “above” and “below” refer to the relationship of two unsigned values; 
“greater” and “less” refer to the relationship of two signed values. 


The iteration control instructions can be used to regulate the 
repetition of software loops. These instructions use the CX register as 
a counter. Like the conditional transfers, the iteration control 
instructions are self-relative and may only transfer to targets that are 
within -128 to +127 bytes of themselves, i.e., they are SHORT 
transfers. 


LOOP decrements CX by 1 and transfers control to the target 
operand if CX is not 0; otherwise the instruction following LOOP is 
executed. 


LOOPE and LOOPZ (Loop While Equal and Loop While Zero) are 
different mnemonics for the same instruction (similar to the REPE and 
REPZ repeat prefixes). CX is decremented by 1, and control is 
transferred to the target operand if CX is not 0 and if ZF is set; 
otherwise the instruction following LOOPE or LOOPZ is executed. 


LOOPNE and LOOPNZ (Loop While Not Equal and Loop While Not 
Zero) are also synonyms for the same instruction. CX is decremented 
by 1, and control is transferred to the target operand if CX is not 0 
and ZF is clear; otherwise the next sequential instruction is executed. 


JCXZ (Jump If CX Zero) transfers control to the target operand if CX 


is 0. This instruction is useful at the beginning of a loop to bypass the 
loop if CX has a zero value, i.e., to execute the loop zero times. 
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The interrupt instructions allow interrupt service routines to be 
activated by programs as well as by external hardware devices. The 
effect of software interrupts is similar to hardware-initiated interrupts. 
However, the processor does not execute an interrupt acknowledge 
bus cycle if the interrupt originates in software or with an NMI. The 
effect of the interrupt instructions on the flags is covered in the 
description of each instruction. 


INT (interrupt) activates the interrupt procedure specified by the 
interrupt-type operand. INT decrements the stack pointer by two, 
pushes the flags onto the stack, and clears the trap flag (TF) and 
interrupt-enable flag (IF) to disable single-step and maskable 
interrupts. The flags are stored in the format used by the PUSHF 
instruction. SP is decremented again by two, and the CS register is 
pushed onto the stack. The address of the interrupt pointer is 
calculated by multiplying interrupt-type by four; the second word on 
the interrupt pointer replaces CS. SP again is decremented by two, 
and IP is pushed onto the stack and is replaced by the first word of 
the interrupt pointer. If interrupt-type=3, the assembler generates a 
short (1 byte) form of the instruction, known as the breakpoint 
interrupt. 


Software interrupts can be used as supervisor calls—requests for 
service from an operating system. A different interrupt-type can be 
used for each type of service that the operating system could supply 
for an application program. Software interrupts also may be used to 
check out interrupt service procedures written for hardware-initiated 
interrupts. 


INTO (Interrupt on Overflow) generates a software interrupt if the 
overflow flag (OF) is set; otherwise control proceeds to the following 
instruction without activating an interrupt procedure. INTO addresses 
the target interrupt pointer at location 10H; it clears the TF and IF 
flags and otherwise operates like INT. INTO may be written following 
an arithmetic or logical operation to activate an interrupt procedure if 
overflow occurs. 


IRET (Interrupt Return) transfers control back to the point of 
interruption by popping IP, CS, and the flags from the stack. IRET 
thus affects all flags by restoring them to previously saved values. 
IRET is used to exit any interrupt procedure, whether activated by 
hardware or software. 


These instructions (see Table A-9) allow programs to control various 
CPU functions. One group of instructions updates flags, and another 
group is used primarily for synchronizing the 8086 or 8088 with 
external events. A final instruction causes the CPU to do nothing. 
Except for the flag operations, none of the processor control 
instructions affect the flags. 


All mnemonics ©Intel Corporation 1981 


79 


FLAG OPERATIONS 
CLC 


CMC 


STC 
CLD 


STD 


CLI 


STI 


80 


FLAG OPERATIONS 


STC Set carry flag 

CLO Clear carry flag 

CMC Complement carry flag 
STD Set direction flag - 

CLD Clear direction flag 

ST Set interrupt-enable flag 
CLI Clear interrupt-enable flag 


EXTERNAL SYNCHRONIZATION 


HLT Halt untilinterrupt or reset 
WAIT Wait for TEST pin active 

ESC Escape to external processor 
LOCK Lock bus during next instruction 


NO OPERATION 


NOP No operation 


CLC (Clear Carry flag) zeroes the carry flag (CF) and affects no other 
flags. It (and CMC and STC) is useful in conjunction with the RCL 
and RCR instructions. 


CMC (Complement Carry flag) toggles CF to its opposite state and 
affects no other flags. 


STC (Set Carry flag) sets CF to 1 and affects no other flags. 


CLD (Clear Direction flag) zeroes DF, causing the string instructions 
to auto-increment the SI and/or DI index registers. CLD does not 
affect any other flags. 


STD (Set Direction flag) sets DF to 1, causing the string instructions 
to autodecrement the SI and/or DI index registers. STD does not 
affect any other flags. 


CLI (Clear Interrupt-enable flag) zeroes IF. When the interrupt-enable 
flag is cleared, the 8086 and 8088 do not recognize an external 
interrupt request that appears on the INTR line; in other words, 
maskable interrupts are disabled. A nonmaskable interrupt appearing 
on the NMI line, however, is honored, as is a software interrupt. CLI 
does not affect any other flags. 


STI (Set Interrupt-enable flag) sets IF to 1, enabling processor 
recognition of maskable interrupt requests appearing on the INTR line. 
Note however, that a pending interrupt will not actually be recognized 
until the instruction following STI has executed. STI does not affect 
any other flags. 
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SYNCHRONIZATION 


HLT 


WAIT 


ESC external-opcode, 
source 


LOCK 


NO OPERATION:NOP 


INSTRUCTION SET. 


REFERENCE 
INFORMATION 


HLT (Halt) causes the 8086/8088 to enter the halt state. The 
processor leaves the halt state upon activation of the RESET line, 
upon receipt of a nonmaskable interrupt request on NMI or, if 
interrupts are enabled, upon receipt of a maskable interrupt request 
on INTR. HLT does not affect any flags. It may be used as an 
alternative to an endless software loop in situations where a program 
must wait for an interrupt. 


WAIT causes the CPU to enter the wait state while its TEST line is 
not active. WAIT does not affect any flags. 


ESC (Escape) provides a means for an external processor to obtain 
an opcode and possibly a memory operand from the 8086 or 8088. 
The external opcode is a 6-bit immediate constant that the assembler 
encodes in the machine instruction it builds (see Table A-10). An 
external processor may monitor the system bus and capture this 
opcode when the ESC is fetched. If the source operand is a register, 
the processor does nothing. If the source operand is a memory 
variable, the processor obtains the operand from memory and 
discards it. An external processor may capture the memory operand 
when the processor reads it from memory. 


LOCK is a 1-byte prefix that causes the 8086/8088 (configured in 
maximum mode) to assert its bus LOCK signal while the following 
instruction executes. LOCK does not affect any flags. 


NOP (No Operation) causes the CPU to do nothing. NOP does not 
affect any flags. 


Appendix | provides detailed operational information for the 
8086/8088 instruction set. 
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Appendix B EXPANSION BUS DEFINITION 


The Expansion Bus is basically a buffered extension of the systems 
8088 processor plus additional control and timing signals required to 
interface the system. The expansion bus consists of— 


» A multiplexed buffered data bus, BDO-BD7 
» A buffered address bus, A8-A19 
® Various timing, control, interrupt, and power lines 


se Gee 


Bus Pin Definition 


Table 5-1: Expansion 


PIN SIGNAL 1/O DESCRIPTION 
50 A19 ie) Buffered Address Bits 8 to 19: These lines are 
1 A18 lO driven from the 8088 during normal operation and 
49 Ai7 10) are valid from the falling edge of ALE to the rising 
2 A16 ie) edge of the next ALE. If an external device takes 
48 A15 lO control of the system via HOLD and HOLD 
3 A14 ie) ACKNOWLEDGE, these lines are tri-stated. 
47 A13 lO 
4 Al12 1@) 
46 All 10 
5 A10 10) 
45 AQ 10) 
6 A8 1@) 
29 BD7 1@) Time Multiplexed Buffered Address/Data 
22 BD6 10 Bus: During normal operation, the lower 8 bits of 
28 BD5 ie) address, ADO-AD7, are valid on the falling edge 
23 BD4 lO of ALE. 
27 BD3 10 
24 BD2 10) 
26 BD1 1e) 
25 BDO IO 
9 ALE e) Buffered Address Latch Enable: Processor signal 


which indidates BDO-BD7 contain valid 
addresses. Typically used to latch low-order 8 bits 


of address. 

11 RD 1@) Buffered Read Strobe: Processor signal indicating 
a read cycle. 

14 WR oO Buffered Write Strobe: Processor signal indicating 
a write cycle. 

8 DEN @) Buffered Data Enable: Provided by the processor 
for use as an enable for transceivers. 

33 DLATCH O Data Latch: The falling edge of this signal may be 


used to strobe data generated from a processor 
read access. 


30 EXTIO | External 1O: Control line which prevents internal 
data bus buffers from conflicting with external 
buffers when mapping external !O into address 
space E0000 to EFFFF. CSEN should be used 
as a control signal to disable internal buffers via 
EXTIO and enable external buffers if using 
address space E0000 to EFFFF. Addresses used 
by the system cannot be disabled by EXTIO. 
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19 CSEN oO Chip Select Enable: This line is synchronized to 
PHASE2. It is true from a falling edge of PHASE2 
to the next falling edge of PHASE2, when address 
space E0000 to EFFFF is accessed. 


40 CLK15B O 15-Mhz Clock: Signal from which all system timing 
is derived. Its period is 66.6 nanoseconds with a 
50%+10% duty cycle. 


38 CLK5 ie) 5-Mhz Clock: Signal is in phase with the 8088 
clock input. Its period is 200 nanoseconds with a 
33% duty cycle. 


20 PHASE2 10) 1-Mhz Clock: Signal is asynchronous with CLKS. 
Its period is 1 microsecond with a 40/60% duty 
cycle. Useful to interface 6800-type I/O circuits. 


21 XACK | External Acknowledge: This line is normally high 
and may be pulled low by external devices 
resulting in pulling the 8088 Ready input low, 
generating wait states. This line is resynchronized 
by the system logic. 


17 HOLD I Input to the 8088. This is an external request for 
control of the system buses. 


Table B-1: Expansion Bus Pin Definition (Concluded) 


PIN SIGNAL 1/0 DESCRIPTION 


18 HLDA @) Buffered Hold Acknowledge: System response to 
“HOLD” request. When true (high) the following 
signals are tri-stated: 


A8-A19 
BDO-BD7 
ALE_ 
1O/M 
RD 
WR _ 
DT/R 
DEN 
SSO 
INTA 
DLATCH is controlled by external logic. 
41 READY oO Status Line: This line reflects the synchronized 
“ready” input to the 8088. 
10 1O/M O Buffered 8088 Status Line: Distinguishes between 
a memory or I/O bus cycle. 
i SSO O Buffered 8088 Status Line. 
12 DT/R @) Buffered Data Transmit/Receive: Processor signal 


typically used to control the direction of system 
transceivers. 


The combination of |O/M, DT/R, and SSO provide 
current bus cycle status: 


15 


16 


43 


42 


NMI 


iRQ 


IR4 
IR5 


RESET 


SIGNAL 


Ground 
Ground 
Ground 
Ground 
+5volts 
+5volts 
+12 volts 
-12 volts 


1IO/M DT/R- SS DESCRIPTION 
0 0 0 Instruction fetch 
0 0 1 Read from memory 
0 1 0 Write from memory 
0 1 1 Passive (no bus cycle) 
1 0 0 Interrupt acknowledge 
1 0 1 Read from |/O 
1 1 0 Write to 1/O 
1 1 1 Halt 


Non-Maskable Interrupt: An edge-triggered input 
which causes a type-2 interrupt. A transition from 
high to low initiates the interrupt at the end of the 
current instruction. 


Interrupt Request: This input should be driven with 
an open collector driver; it is “collector ORed” 
with five 6522s and one 6852 and is pulled to +5 
volts through a 3.3K ohm resistor. A low level on 
any of these circuits generates a high level input 
to the system 8259 at IR level. 


Interrupt Request Level 4: Direct access to IR4 of 
the system 8259. 


Interrupt Request Level 5: Direct access to IR5 of 
the system 8259. 


System Reset: Generated at power on or from the 
Reset switch. 


DESCRIPTION 


250 ma/expansion board 


250 ma/expansion board 
50 ma/expansion board 
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e 8-2: Expansion Bus Loading 


NORMAL 
USAGE INTERNAL EXTERNAL 
SIGNAL 1/0 LOAD DRIVE 
Tri-Stated Lines 
A8-19 16) 4 4 
BDO-7 10 5 4 
ALE oO 5 4 
RD @) 4 4 
WR oO 4 4 
DEN O 4 4 
10/M oO 2 4 
Sso oO 1 4 
DT/R 0) 4 4 
TTL Outputs 

DLATCH oO - 4* 
CSEN @) - 4* 
C1K15B O - 1* 
C1K5 10) - 4* 
PHASE2 e) - 1* 
HLDA @) - 1* 
READY oO - 4 
RESET oO - 4 


NOTE: All loads are 74LSXX loads of .4ma. External drive, as specified, is for each of the four slots available. 
Care must be taken to ensure adequate drive for other expansion modules which may be installed in 


the system. 


“it required, buffer through one common IC package, such as 74LSO4. 


Yable B-3: Inputs Driven with Open Collector Drivers 


INTERNAL PULLUP 
SIGNAL LOAD PROVIDED 
EXTIO 2 2.2K 
XACK 1 2.2K 
HOLD 1 2.2K 
NMI 1 2.2K 
IR 1 3.3K 


IR4 
IRS 
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Yable 8-4: Inputs Direct to System 8259 


BDO -- 
BD2 —- 

BD4 -- 
BD6 -- 
ZACK -- 
PHASE 2 -- 
CSEN -- 
HLDA -- 


Figure 6-1: Expansion Connector 
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iming 


: Expansion Bus Interface T 


gure B-2 
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Appendix C MEMORY MAPPED I/O ADDRESS AND BIT 
ASSIGNMENTS 


Table C-1: 8259A (PIC IOD0) 
Address: E0000-E0001 


INTERRUPT SIGNAL 

LEVEL NAME DESCRIPTION 
IRO SYN SYNC DETECT 
IR1 COMM SERIAL COMMUNICATIONS (7201) 
IR2 TIMER 8253 TIMER 
IR3 PARALLEL ALL 6522 IRQ (INCLUDING DISK) 
IR4 IR4 EXPANSION IR4 
IR5 IRS EXPANSION IR5 
IR6 KBINT KEYBOARD DATA READY 
IR7 VINT VERTICAL SYNC OR 


NONSPECIFIC INTERRUPT 


e C-2: 8253 (TIMER-IOD1) 
Address: E0020-E0023 


1/0 SIGNAL 
NAME NAME DESCRIPTION 

CLK2 100KHZ CLOCK INPUT (FOR TIME OF DAY) 
GATE2 +5 V 
OUT2 TIMER INTERRUPT FOR TIME OF DAY 
GLK1 1.25 MHZ CLOCK INPUT FOR SERIAL PORT B 
GATE1 +5 V 
OUT1 MUX SERIAL B TO SERIAL PORT B MUX 

CLKO 1.25 MHZ CLOCK INPUT FOR SERIAL PORT A 
GATEO +5 V 
OUTO MUX SERIAL A TO SERIAL PORT A MUX 
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1/0 SIGNAL 
NAME NAME 
RXCA J8-17 
TXCA J8-15 
RXDA J8-3 
TXDA J8-2 
CTSA J8-5 
RTSA J8-4 
DCDA J8-8 
DTRA J8-20 
RXCB J9-17 
TXCB J9-15 
RXDB J9-3 
TXDB J9-2 
CTSB J9-5 
RTSB J9-4 
DCDB J9-8 
DTRB J9-20 


«3: 7201(COMM.CTLR IOD2) 
Address: E0040-E0043 


DESCRIPTION 


RECEIVE CLK A 

TRANSMIT CLK A 

RECEIVE DATA A 

TRANSMIT DATA A 

CLEAR TO SEND A 

REQUEST TO SEND A 

DATA CARRIER DETECT A INPUT 
DATA TERMINAL READY A 
RECEIVE CLK B 

TRANSMIT CLK B 

RECEIVE DATA B 

TRANSMIT DATA B 

CLEAR TO SEND B 

REQUEST TO SEND B 

DATA CARRIER DETECT B INPUT 
DATA TERMINAL READY B 


INTERRUPT SIGNAL 
LEVEL NAME 
MA13 HIRES 
MA12 DOT ADDR 


Table C-4: HD46505S (CRTC CSO) 
Address: E8000-E8001 


DESCRIPTION 


HIRES ENABLE OUTPUT 
32K WORD PAGE SELECT OUTPUT 
(1=UPPER) 


: 6522 (VIA 1 CS1) 
Address: E8020-E802F 


1/0 SIGNAL 
NAME NAME DESCRIPTION 
PAO DIO1 Parallel data bit 0, IN/OUT 
PAI DIO2 Parallel data bit.1, IN/OUT 
PA2 DIO3 Parallel data bit 2, IN/OUT 
PA3 DIO4 Parallel data bit 3, IN/OUT 
PA4 DIO5 Parallel data bit 4, IN/OUT 
PA5 DIO6 Parallel data bit 5, IN/OUT 
PA6 DIO7 Parallel data bit 6, IN/OUT 
PA7 DIO8 Parallel data bit 7, IN/OUT 
CAI NRFD Parallel NRFD interrupt input 
CA2 NDAC Parallel NDAC interrupt input 
PBO DAV Parallel DAV, IN/OUT 

PBI EOI Parallel EOI, IN/OUT 

PB2 REN Parallel REN, IN/OUT 

PB3 ATN Parallel ATN, IN/OUT 

PB4 IFC Parallel IFC, IN/OUT 

PB5 SRQ Parallel SRQ, IN/OUT 

PB6 NRFD Parallel NRFD, IN/OUT 

PB7 NDAC Parallel NDAC, IN/OUT 

CB1 N.C. 

CB2 CODEC VOL Pulse width control CODEC Vol output (TZ) 
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: 6522 (VIA 2 CS2) 
Address: E8040-E804F 


SIGNAL 
NAME 


INT/EXTA 
INT/EXTB 
RIA 
DSRA 
RIB 
DSRB 
KBDATA 
VERT 
NC 
SRQ/BUSY 
TALK/LISTEN 
KBACKCTL 
BRTO 
BRT1 
BRT2 
CONTO 
CONTI 
CONT2 
KBRDY 
KBDATA 


DESCRIPTION 


Serial A clock select (LOW=INT) 
Serial B clock select (LOW=INT) 
Serial A ring indicate (J8-22) 
Serial A data set ready (J8-6) 
Serial B ring indicate (J9-22) 
Serial B data set ready (J9-6) 
Data from keyboard 

Vertical signal input (from CRTC) 


Parallel port IN/OUT 

Parallel port direction, control, output 
Keyboard acknowledge, control, output 
LSB of brightness control, output 
Intermediate bit of brightness control, output 
MSB of brightness control, output 

LSB of contrast control, output 
Intermediate bit of contrast control, output 
MSB of contrast control, output 

Key data ready, input 

Shift register input 
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Table C-7: 6852 (SSDA CS$3) 
Address: E8060-E806F 


1/0 SIGNAL 
NAME NAME DESCRIPTION 
RXCLK Inverted input from PB7 of VIA3 
(CODEC CLOCK) 
TXCLK Inverted input from PB7 of VIA3 
(CODEC CLOCK) 
RXDATA Input digital data from CODEC 
TXDATA Digital data output to CODEC 
SM/DTR Encode/Decode control for CODEC 
(Low=Decode, or transmit) 
DCD Inverted input from SM/DTR of this chip 
CTS Input from SM/DTR of this chip 


ae 
t: 1A 3 CS4) 
Address: E8080-E808 


1/0 SIGNAL 
NAME NAME DESCRIPTION 
PAO J5-16 Control Port 
PAI J5-18 Control Port 
PA2 J5-20 Control Port 
PA3 J5-22 Control Port 
PA4 J5-24 Control Port 
PAS J5-26 Control Port 
PA6 J5-28 Control Port 
PA7 J5-30 Control Port 
CAI J5-12 Control Port 
CA2 J5-14 Control Port 
PBO J5-32 Control Port 
PBI J5-34 Control Port 
PB2 J5-36 Control Port 
PB3 J5-38 Control Port 
PB4 J5-40 Control Port 
PB5 J5-42 Control Port 
PB6 J5-44 Control Port 
PB7 J5-46 CODEC Clock Output 
CBI J5-48 Control Port 
CB2 J5-50 Control Port 


Table C-9: 6522 (VIA 4 CS5) 
Address: E80A0-E80AF 


1/0 SIGNAL 
NAME NAME 
PAO LOMSO 
PAt LOMS1 
PA2 LOMS2 
PAS LOMS3 
PA4 STOA 
PA5 STOB 
PA6 STOC 
PA7 STOD 
CA DSO 
CA2 MODE 
PBO L1MSO 
PBI LiMS1 
PB2 LiMS2 
PB3 LIMS3 
PB4 ST1A 
PBS ST1B 
PB6 STiC 
PB7 ST1iD 
CBI DS1 
CB2 N.C. 


1/0 


NAME 


PAO 
PAt 
PA2 
PAS 
PA4 
PAS 
PAG 
PA7 
CAI 
CA2 
*PBO 
“PBI 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 
CBI 
CB2 


able C-10: 6522 (VIA 6 CS6) 


DESCRIPTION 


Drive 0 motor speec, outputs 

(also used as a data bus to load 8048 
parameters during motor speed controller 
initialization 

Drive 0 stepper phase, outputs 

Door 0 sense interrupt, input 

Write sync 


Drive 1 motor 
speed, outputs 


Drive 1 stepper phase, outputs 


Door 1 sense interrupt, input 


Address: E80C0-E80CF 


SIGNAL 
NAME 


LEDOA 
TRKODO 
LEDIA 
TRKOD1 
Side Select 
Drive Select 
WPS 
SYNC 
GCRERR 
DRW 
RDYO 
RDY1 
SCRESET 
DS1 
DSO 


N.C. 
Erase 


DESCRIPTION 


LED, drive A, output 

Track 0, drive A sense, input 
LED, drive B, output 

Track 0, drive B sense, input 
Dual side select, output 
Select drive A/B, output 
Write protect sense, input 
Disk sync detect, input 

GCR error input 

Disk read/write CTRL, output 
Motor speed status, drive A 
Motor speed status, drive B 
Motor speed controller (8048) reset, output 
Door B sense, input 

Door A sense, input 
Single/Double sided 

Stepper enable A 

Stepper enable B 


Erase head On/Off, output 


“Also used as handshake lines during speed controller initialization. 


sr Sn hi SS RS RTS SEE EAS AA OA TT 
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PA7 


CAI 
CA2 


PBO 
PBI 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 


CBI 
CB2 


11: 6522 (VIA 5 CS7) 
Address: E80E0-E80EF 


SIGNAL 
NAME 


DESCRIPTION 


Disk data inputs 
Byte ready input 


Motor speed status interrupt, drive 0 


Disk data outputs 


Motor speed status interrupt, drive 1 


INTRODUCTION 


Appen ix D> DISPLAY SYSTEM 


The SIRIUS | display hardware is a memory-mapped raster scan 
system. The display RAM physically occupies 4K bytes, starting at 
FOOOOH, plus from 4K to 40K bytes of the lower 128K bytes in the 
8088 memory map. The display RAM is organized in two separate 
banks, which operate in a pipelined fashion (see Figure D-1). The first 
bank is the screen buffer; it contains the characters which are to be 
displayed on the screen. The screen buffer also contains attribute 
information for each character location. The character selection code 
(called the font cell pointer), together with the character row number 
(0-15), is used as the address for the second bank, which contains 
patterns for the characters (font cells). To generate video, the font cell 
patterns are accessed and latched into the video shift register. 


Figure D-1: Disp ay System Organization 
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The display hardware is capable of 80 columns by 25 lines of text. 
The text character cells are 10 dots wide by 16 lines high. These 
character cells are RAM-mapped and programmable. There is also a 
5-bit attribute code associated with each character. Four of these 
attribute bits are used for reverse-video, underline/strikeover, 
highlight, and nondisplay. The other bit is available for user software 
or external hardware. The display hardware can also be configured 
for a high-resolution mode: 800 by 400 dots of bit-addressable 
display. In this mode, the reverse-video, double intensity, and 
nondisplay attributes apply to fixed (16-by-16-dot) cells on the screen, 
and the underline/strikeover attribute is not operative. 


1 BIT. 
VIDEO OUT 
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The character and attribute bits are organized into words called the 
screen buffer. The lower 11 bits of each word define which of the 
2048 possible characters is to be placed at that location of the 
screen. These 11 bits are collectively called the font cell pointer. The 
upper five bits of the word are the attributes. The MSB (bit 15) is the 
reverse-video bit. Bit 14 is the low-intensity bit; bit 13 is the underline 
bit; and bit 12 is the nondisplay bit. The remaining bit is uncommitted. 


The screen buffer words are on even-address boundaries. The 
physical memory of the screen buffer is located, in system address 
space, at FOO00 to FOFFF. The 80-character by 25-line display 
occupies 2000 words (4000 bytes) of the available 2048 words in the 
screen buffer. Logically, the screen buffer is mapped to include 
locations FOO00 to F1FFF. Therefore, addressing location FO000 
accesses the same physical word as addressing location F1000. The 
logical beginning of the display screen is selected by a pair of 
registers in the CRT controller chip (this is a word address). This 
register pair may be programmed to move the starting address (line 
one, column one) of the display to any word of the screen buffer. 
When the control register pair is used in this manner, the screen 
buffer functions as a 2048-word circular buffer. Using this technique, 
line scrolling in the text mode may be accomplished by adding 80 to 
the contents of the screen start register and blanking the 80 words 
following the previous end of screen. In both these operations, to 
keep the address within the screen buffer address space, it is also 
necessary to logically AND the resulting address with F1 FFF. 


X X Xx X 
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The actual dot patterns of each character are stored in the font cell 
memory. Each 10-dot-by-16-line character cell is stored in 16 
consecutive words. This group of 16 words is called a font cell. The 
lower 10 bits of each word contain the 10 dots of a scan line of the 
character picture. The upper-left bit of a character would be the LSB 
of the first word in the 16 consecutive words that define a font cell. 
Bit 15 of each font cell word is reserved for the underline/strikeover 
flag bit (in text mode, only). If bit 15 is set and the underline/ 
strikeover attribute (bit 13) from the screen buffer is set, then that 
scan line will be white; otherwise, the lower 10 bits in that word will 
be displayed. The nondisplay bit can be used to create secret” 
(nondisplayed) characters or fields. If a minimum (128-character) set 
is defined, the font cells would occupy 4K bytes of memory. The font 
cells can be located anywhere within the first 128K bytes of RAM, but 
may not cross the 64K boundary. 


The 800-by-400-dot, bit-mapped, high-resolution display is a special- 
case use of the cell graphics. The output line, called HIRES (from the 
CRT controller), controls the character cell width. When this line is 
high, the character cells are 16 dots wide instead of the usual 10 
dots. The screen is then organized as 50 columns by 25 lines of 16- 
by-16-dot font cells. This is accomplished by writing new values into 
the control registers of the CRT controller. The full 16 bits of each 
font cell word are used to describe the picture of each character. The 
screen buffer is organized so that each of the 1250 characters on the 
screen is a different character, as described earlier in this manual. 
High-resolution software then operates directly on the font cell 
memory for display bit manipulation. 


Programming Note: The HIRES/TEXT control and the DOTSEL 
control (which select whether the beginning address of the font cell 
memory is to be in the first or the second 64K of system memory) 
are manipulated via the two high-order address bits in the CRTC 
display address register pair, R12 and R13. This address interacts 
with the cursor register pair, R14 and R15, and the light pen register 
pair, R16 and R17. Specifically, if the light pen register pair is used 
and/or the cursor-display function is desired, then the software must 
(1) add the cursor address to the current settings of HIRES/TEXT 
and DOTSEL and (2) subtract or mask these bits when interpreting a 
light pen interrupt. 


The overall display brightness and the contrast between high and low 
intensity characters are software adjustable. 


Brightness may be adjusted to one of eight different levels by setting 
the brightness control bits (PB2, PB3, and PB4 of the 6522 at E8040) 
to the binary value corresponding to the desired level. The binary- 
value range from zero to seven selects increasing brightness levels. 


The contrast function controls the difference in intensity between 
highlighted characters and normal intensity characters. Only the 
intensity of the normal intensity characters is varied by the contrast 
function. The contrast function selects one of eight levels by setting 
the binary value of the desired level in the three contrast control bits 
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DESCRIPTION 


98 


(PBS, PB6, and PB7 of the 6522 at E8040). A value range of zero to 
seven selects increasing differences between the normal and 
highlighted characters, with zero causing no difference. 


The lower 128K bytes of RAM is a dual-port memory system. One 
port is used by the display hardware to refresh the raster-scan 
display. The other port is used by the 8088 microprocessor for read 
and write operations. The dual-port memory is managed by an 
arbitrator circuit that guarantees one refresh access to the display 
RAM every character cell time. The arbitrator circuit adds a wait state 
to any 8088 memory cycle if this is necessary to isolate it from the 
display-refresh cycle. This results in an average of one wait state 
(200 nsec) for every five processor memory access cycles. Processor 
and memory cycles are normally four clock periods (200 nsec). This 
could cause a decrease of approximately 5% in system bus 
performance. However, due to the 8088 instruction lookahead queue, 
this decrease in bus performance rarely translates into decreased 
system performance. 


The display-refresh addresses are generated by the HD46505S CRT- 
controller chip (CRTC). Of the 14 address lines from the CRTC, 11 
(MAO-MA10) are used to address the 2K words of screen buffer RAM. 
The 16 data lines output by the screen buffer are latched and divided 
into 11 lines of character address information and 5 lines of character 
attributes. The attribute bits are sent, via a set of character sync 
registers, to the video control section. The 11 lines of the character 
address are combined with 4 lines of character-row address and 
MA12 (DOTSEL) from the CRTC. This address is then multiplexed 
down to 8 font cell address lines. The 14th character address line 
(MA13) is used to select the high-resolution mode. The 16-bit data 
output word from each font cell word is latched and sent to a 16-bit 
shift register. Either 10 or 16 dots of the shift register are shifted out 
to the video control section. The video control section adds the 
reverse video, highlight, underline, and nondisplay attribute bits and 
the cursor output from the CRTC. The result is sent to the video 
display, along with horizontal and vertical sync pulses. 


The display circuit manages the memory refresh in the 128K bytes of 
on-board dynamic RAM. The horizontal and vertical retrace intervals 
are used for memory refresh. Display-refresh cycles occuring during 
retrace intervals cause 8 bits from the refresh-address counter to be 
sent to all 128K of dynamic RAM, rather than the normal display- 
address lines. The display CAS signal is inhibited for a RAS-only 
memory refresh. The memory-refresh counter is clocked after each 
refresh cycle. In every 64 microsecond horizontal display period, 15 
memory-refresh cycles occur. Every 2 ms, 480 memory-refresh 
addresses are generated, exceeding the 128-address-per-2ms 
specified requirement of 16K dynamic RAM. 


CRTC DEVICE 
OPERATION 


INTERFACE SIGNALS 
TO THE CPU 


Bidirectional Data Bus 
(ID0-1D7) 


The CRTC consists of an internal register group, horizontal and 
vertical timing circuits, a linear address generator, a cursor-control 
circuit, and a light-pen-detection circuit. Horizontal and vertical timing 
circuits generate RAO-RA4 , DISPTMG, SYNC, and VSYNC. RAO-RA4 
are raster (row) address signals and are used as address bits 1 to 4 
for the font cell accesses. DISPTMG, HSYNC, and VSYNC signals are 
sent to the video control circuit. This horizontal and vertical timing 
circuit consists of an internal counter and comparator circuit. 


The linear address generator generates refresh memory address 
MAO-MA11 to be used for refreshing the screen. The light-pen- 
detection circuit detects the light pen position on the screen. When 
the light pen strobe signal is received, the light pen register latches 
the address generated by the linear address generator to save the 
position of the pen on the screen. The cursor control circuit controls 
the position of the cursor, its height, and its blink rate. 


The CRTC provides 13 interface signals to the CPU and 25 interface 
signals to the display circuits. 


OO eee wy : omas 
: Recommended Values For CRTC Register initialization 


HIGH 
CHARACTER RESOLUTION 

REGISTER MODE MODE 
RO 5C 3A 
R1 50 32 
R2 51 34 
R3 CF C9 
R4 19 19 
R5 06 06 
R6 19 19 
R7 19 19 
R8 03 03 
RQ OE OE 
R10 60 20 
R11 OF OF 
R12 00 20 
R13 00 00 
R14 00 00 
R15 00 00 


NOTE: All values are in hexadecimal. 


The bidirectional data bus is used for data transfer betweeen the 
CRTC and the 8088. The data bus outputs are 3-state buffers and 
remain in the high-impedance state except when the 8088 performs a 
CRTC read operation. 
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Read/Write (R/W) 


Chip Select (CS) 


Register Select (RS) 


Enable (E) 


Reset (RES) 


INTERFACE SIGNALS 


TO DISPLAY 
CIRCUITS 


Character Clock 
(CLK) 
Horizontal Sync 


(HSYNC) 


Vertical Sync 
(VSYNC) 


Display Timing 
(DISPTMG) 


Refresh Memory 
Address MA0-MA13 


100 


The R/W signal controls the direction of data transfer between the 
CRTC and the 8088. When R/W is high, CRTC data is transferred to 
the 8088. When R/W is low, 8088 data is transferred to the CRTC. 


The CS signal is used to address the CRTC. When CS is low, it 
enables R/W operation to CRTC internal registers. This signal is 
derived from decoded address signals of the the 8088. 


The RS signal is used to select the address register and the 18 
control registers of the CRTC. When RS is low, the address register is 
selected; when RS is high, control registers are selected. This signal 
is the lowest bit (AO) of the 8088 address bus. 


The E signal is used as strobe signal in 8088 R/W operations with 
the CRTC internal registers. This signal is PHASE2. 


The Reset signal (RES) is an input signal used to reset the CRTC. 
When RES is low, it forces the CRTC into the following status: 


All the counters in the CRTC are cleared, and the device stops the 
display operation 

» All the outputs go low 

» Control registers in the CRTC are not affected 


CLK is a standard clock input signal which defines character timing 
for the CRTC display operation. This signal is provided by the 
memory controller. 


HSYNC is an active high-level signal which provides horizontal 
synchronization for the display device. 


VSYNC is an active high-level signal which provides vertical 
synchronization for the display device. 


DISPTMG is an active high-level signal which defines the display 
period in horizontal and vertical raster scanning. It is necessary to 
enable the video signal only when DISPTMG is high. 


MAO-MA11 are refresh memory address signals which are used to 
access the screen buffer in order to refresh the CRT screen 
periodically. 

MA11 is unused. 

MA12 selects the 64K memory bank to be used for font cell memory. 
When MA12 equals 0, it selects system RAM starting at location 0; 
when MAi12 equals 1, it selects system RAM starting at location 
10000H. 


When MA13 equals 0, it selects text mode when MA13 equals one, it 
selects bit-mapped HIRES mode. 


Raster Address 
(RAO-RA4) 


Cursor Display 
(CUDISP) 


Light Pen Strobe 
(LPSTB) 


ee 


INTERNAL 
REGISTERS 


ADDRESS REGISTER 
(AR) 


HORIZONTAL TOTAL 
REGISTER (RO) 


HORIZONTAL 
DISPLAYED 
REGISTER (R1) 


HORIZONTAL SYNC 
POSITION REGISTER 
(R2) 


SYNC WIDTH 
REGISTER (R3) 


VERTICAL TOTAL 
REGISTER (R4) 


RAO-RA4 are row-address signals which are used to select the row of 
the current character in the font cell memory to be displayed. 


CUDISP is an active high-level video signal which is used to display 
the cursor on the CRT screen at the current display location. This 
output is inhibited while DISPTMG is low. This output is mixed with 
the video signal and is provided to the CRT display circuits. 


LPSTB is an active high-level input signal which accepts a strobe 
pulse detected by the light pen and control circuit. When this signal is 
activated, the memory address (MAO-MA11), along with the current 
settings of HIRES and DOTADR, are stored in the 14bit light-pen 
register. The stored memory address needs to be corrected in 
software, taking the delay time of the display device, light pen, and 
light-pen-control circuits into account. 


AR is a 5-bit register used to select among the 18 internal control 
registers (RO-R17). The value of AR is the address of one of 18 
internal control registers. Data values from 18 to 31 do nothing. 
Access to RO-R17 requires writing the address of the corresponding 
control register into this register. 


The contents of RO program the total number of horizontal character- 
clock periods per line, including the retrace period. The data is 8-bit, 
and its value should be programmed according to the selected mode 
of the display. The programmed value must be one less than the 
number of character intervals required. When programming for 
interlace mode, the value must be even. 


R1 is used to program the number of displayed characters per 
horizontal line. Data is 8-bit, and any value smaller than that in RO is 
valid. 


The contents of R2 program the horizontal sync position in units of 
the character-clock period. Data is 8-bit, and any value less than RO 
is valid. The value programmed should be one less than the sync 
position desired. The effect of increasing the value in R2 is to shift all 
characters displayed on the CRT screen to the left. When the value is 
decreased, character positions shift to the right. 


The contents of R3 set the horizontal sync pulse width and the 
vertical sync pulse width. The horizontal sync pulse width is 
programmed in the lower 4 bits, in units of the character-clock period 
(0 is invalid). The vertical sync pulse width is programmed in the 
upper 4 bits, in units of the horizontal period. When 0 is programmed 
in the upper 4 bits, 16 horizontal periods are specified. 


R4 is used to program the total number of horizontal scans per frame, 
including the vertical retrace period. This is a 7-bit value and should 
be programmed according to the selected display mode. The 
programmed value should be one less than the number desired. 
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VERTICAL TOTAL The contents of R5 select the total number of horizontal scans per 
ADJUST REGISTER field. This register allows fine control of the deflection frequency. 
(R5) 


VERTICAL R6 is used to determine the number of displayed character rows on 
DISPLAYED the CRT screen. This is a 7-bit value, and any number that is smaller 
REGISTER (R6) than that in R5 is valid. 


Table D-2: Pulse Width of Vertical Sync Signal - 


VSW PULSE WIDTH 

2? 26 25 24 (# Rows) 
0 0 0 0 16H 
0 ) 0) 1 1 

0 0) 1 0) 2 

0 0 1 1 3 

0 1 0) 0 4 

0 1 0) 1 5 

0 1 1 0 6 

0 1 1 { 7 

1 0) 0 0 8 

1 0) 0 1 g 

{ 0) 1 0 10 

1 0 1 1 11 

1 1 0 0 12 

1 1 0 1 13 

1 1 1 0) 14 

1 1 1 1 15 


NOTE: H=horizontal period. 


gS GS S 
Yabie D-3: Pulse Width of Horizontal Syne Signal 


HSW PULSE WIDTH 
23 22 21 20 (# Characters) 
0 0 0 0 (not used) 
0) 0 0 1 1CH 
0 0 1 0 2 
0 0) 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 6) 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 
1 1 0 1 13 
1 1 1 0 14 
1 1 1 1 15 


NOTE: CH=character period; HSW=0 cannot be used. 
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VERTICAL SYNC 
POSITION REGISTER 
(R7) 


INTERLACE AND 
SKEW REGISTER 
(R8) 


INTERLACE MODE 
PROGRAM BITS 
(V, S) 


SKEW PROGRAM BIT 
(C1, CO, D1, DO) 


The contents of R7 set the vertical sync position on the screen, in 
units of the horizontal character line period. Data is 7-bit, and any 
number that is equal to or less than the vertical total register can be 
programmed. The value programmed should be one less than the 
position desired. Increasing the value shifts the display upward. 
Decreasing the values shifts the display downward. 


R8 programs the raster-scan mode and the skew (delay) of CUDISP 
and DISPTMG. 


The raster-scan mode is selected by the V and S bits. 


oe 


ode (DO, D1) 


Table 0-4: Interlace M 


V BIT S BIT RASTER-SCAN MODE 
0 0 Noninterlace mode 
1 0 Noninterlace mode 
0 1 Interlace sync mode 
1 1 Interlace sync and video mode 


The C1, CO, D1, and DO bits are used to program the skew (delay) of 
CUDISP and DISPTMG. 


The skews of the two signals are programmed separately. 


DISPTMG Skew Bit (D7, D6) 


D1 BIT DO BIT DISPTMG SIGNAL 
0 0 Zero skew 
0 1 One-character skew 
1 0 Two-character skew 
1 1 No output 


Table D-6: Cursor Skew Bit (D5, D4) 


C1 BIT CO BIT NON SKEW 
0 0 Zero skew 
0 1 One-character skew 
1 0 Two-character skew 
1 j No output 
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MAXIMUM RASTER 
ADDRESS REGISTER 
(R9) 
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The skew function is used to delay the CUDISP and DISPTMG 
signals for optimum screen-memory access, dot-matrix memory, and 
video signal timing. 

R9 is used to program the maximum raster address (5 bits). This 
register defines the number of rasters (lines) per character, including 
intercharacter spaces. Programming is as follows: 

& Noninterlace Mode 


In the following tabulation, the value parameter is set at 4. 


RASTER ADDRESS RESULTING FORMAT 


who 


NOTE: The number of rasters produced in the character 
format is 5 (one more than the value programmed). 


» Interlace Sync Mode 


In the following tabulation, the value parameter is 4. 


RASTER ADDRESS RESULTING FORMAT 
Pree ra 
0 
Bea aE et a th 
1 
Bi i an Bei ta a 
2 
ee een 
3 
a es er 
4 

NOTE ------- ANG, ieee denote alternate fields. 


The total number of rasters in the character is 10. The number is 
found by doubling the sum of one plus the value programmed. 


» \Interlace Sync and Video Mode 


The total number of rasters in the character format is one more 
than the value parameter, as in the noninterlace mode, but the 
rasters alternate fields. In the following tabulation, a value 
parameter of 4 is set. 


CURSOR START 
RASTER REGISTER 
(R10) 


CURSOR END 
RASTER REGISTER 
(R11) 


START ADDRESS 
REGISTERS 
(R12, R13) 


CURSOR REGISTERS 
(R14, R15) 


LIGHT PEN 
REGISTERS (R16, 
R17) 


RASTER ADDRESS RESULTING FORMAT 


RIO programs the cursor-start raster (line) address and the cursor- 
display mode. The lower 5 bits (DO-D4) are cursor-start, and the next 
2 bits (D5, D6) are cursor-mode. 


D5 D6 CURSOR DISPLAY MODE 
0 0 Steady cursor 

0 1 Cursor off 

1 0 Blinking cursor, 16-field period 
1 1 Blinking cursor, 32-field period 


R11 sets the cursor-end raster (line) address. 


R12 and R13 are used to program the first (word) address of the 
screen buffer memory to be displayed. This word will display as line 
one/column one on the display screen. 


The two read/write registers R14 and R15 store the cursor location. 
The upper 2 bits (D6, D7) of R14 must always be set to “0”. 


The read-only registers R16 and R17 are used to latch the detection- 
time address of the light pen. The upper 2 bits (D6, D7) of R16 are 
always “0”. The value latched may need to be corrected by software 
to allow for light pen system delays. 
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RESTRICTIONS ON The following restrictions on programming internal registers apply: 
PROGRAMMING 
INTERNAL ® OtNhdt(Nht + 1)t=256 
REGISTERS > OtNvdt(Nvt + 1)t=128 
® O+t=Nhspt=Nht 
® Ot=Nvspt=Nvt* 
® O=tTNCSTART=tNCEND=1Nr (noninterlace, interlace sync mode) 
0=tNCSTARTtNCEND=tNr+1 (interlace sync and video mode) 
& 2=tNr=30 
» 3=TNht (except non interlace mode) 
5=tNht (noninterlace mode only) 


“In interlace mode, pulse width is changed +1/2 by the raster time when the 
vertical sync signal extends over two fields. 


NOTES: The values programmed in the internal registers of the CRTC are used 
directly to control the CRT. Consequently, the display may flicker if the contents 
of the registers are changed asynchronously to the display operation. The 

registers should be changed only during the horizontal or vertical retrace period. 


NONINTERLACE Alternate fields are identical. The values of raster addresses (RAO- 
MODE DISPLAY RA4) are counted, starting at zero. 

INTERLACE SYNC In the interlace sync mode, raster addresses in the even field and the 
MODE DISPLAY odd field are the same. The same character pattern is displayed in 


both fields with the displayed position in the odd field 1/2 raster 
space down from that in the even field. 


INTERLACE SYNC - In interlace sync and video mode, when the raster number is even, 
AND VIDEO MODE the output raster address is different from when the raster number is 
DISPLAY odd. 


= 


e D-8: Programmed Values into the Registers 


eee 


Tab 


Tabl 
REGISTER REGISTER NAME VALUE 
RO Horizontal total Nht 
R14 Horizontal displayed Nhd 
R2 Horizontal sync position Nhsp 
R3 Sync width Nvsw, Nhsw 
R4 Vertical total Nvt 
R5 Vertical total adjust Nadj 
R6 Vertical displayed Nvd 
R7 Vertical sync position Nvsp 
R8 Interlace and skew 
R9 Maximum raster address Nn 
R10 Cursor start raster 
R11 Cursor end raster 
R12 Start address (H) 0 
R13 Start address (L) 0 
R14 Cursor (H) 
R15 Cursor (L) 
R16 Light pen (H) 
R17 Light pen (L) 


NOTE: NhdtNht, NvdtNvt 
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CURSOR CONTROL 


ee ———~—“ se 


9: Output Raster Address in Interlace Sync and Video 


Mode 
TOTAL NUMBER OF RASTERS ELD 
IN THE CHARACTER FORMAT EVEN ODD 
Even Even Odd 
Address Address 
Odd 
Even Line Even Odd 
Address Address 
Odd Line Odd Even 
Address Address 


NOTE: Internal line address begins from zero. 


NOTE: A wide disparity in the number of ON dots in even fields versus that in odd 
fields causes unequal average beam currents during alternate fields. This causes 
CRT final-anode voltage to differ during alternate fields. Since the deflection factor is 
a function of this voltage, the two fields will have somewhat different widths. 
Characters will be distorted, particularly near the edges of the screen. Programming 
for an odd number of rasters per character line is a good way to reduce this type of 
problem. 


resets SSN SO SES ASAT AT SMTA 


Figure D-3 shows display patterns in which various values are stored 
in the cursor-start-raster register and the cursor-end-raster register. 
Values in the cursor-start-raster register and the cursor-end-raster 
register must meet the following conditions: cursor-start-rastert= 
cursor end raster registert= maximum raster address. 


Figure D-3: Cursor Control 
0 ----+------------------- === -------- 0) -----~~--------~~---------------------- 
| --------------~---~~~~----------~------- | wenn - an nnn nnn 
Q-------------~--- == === === nnn Q nan n-ne nnn nnn 
9 -------~~++-+-------------------------- 3 ------~--------- +e 3-5 
A aoe eine tI ae ee a Woo cece ot ae A 
§ ---------~--- === == === === § ---------------- 3 nnn 
6 -----------------------~-------------- 6 ----~---------~-------- === 
7 -----------------~------------++--+--- ] wn nnn noe n= == === nnn 
B ---—----- -—- nnn een 8 ~~~--------~ === = -- =n ne 
9-0-0-0-0-0-0-0-0-0-0- 9-0-0-0-0-0-0-0-0-0-0- 
1 Q--------------~~~~-------- === === 10-0-0-0-0-0-0-0-0-0-0- 
Cursor Start Address = 9 Cursor Start Address = 9 
Cursor End Address = 9 Cursor End Address = 10 
Q-a--25— ss 3 et 


1-0-0-0-0-0-0-0-0-0-0- 
2-0-0-0-0-0-0-0-0-0-0- 
3-0-0-0-0-0-0-0-0-0-0- 
4-0-0-0-0-0-0-0-0-0-0- 
5-0-0-0-0-0-0-0-0-0-0- 
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INPUT SIGNAL 
CONDITIONING 


OUTPUT 
CONDITIONING AND 
POWER AMPLIFIER 


UDIO SYSTEM HARDWARE 


Appendix E 


Audio output from and (optionally) input to the system are provided by 
a built-in coder/decoder (CODEC), which uses a Continuously- 
Variable-Slope Delta modulation (CVSD) technique. This device 
produces audio output by converting a single-bit, digital-bit stream to 
an analog output. 


The bit-stream interface is provided by the 6852-SSDA chip which 
converts 8-bit data bytes from the processor to a bit-serial data 
stream for the CODEC. The SSDA also provides encode/ decode 
control, via the DTR output, and a 3-byte FIFO buffer which reduces 
the real-time processor servicing requirements. 


Additional control of the audio section is provided by VIA 1 and VIA 3. 
The signals provided are Codec Clock and Volume Control. The 
encode/decode line, controlled by DTR from the SSDA, selects the 
desired audio function (input or output). Codec clock is a PB7 output 
(of VIA 3), a timer-generated signal which determines Codec sampling 
rate (normally about 16KHz). Volume control, a CB2 output (of VIA 1), 
is a timer-controlled recirculating shift register output and is an eight- 
step, pulse-width-modulated ultra-audio signal. 


The microphone amplifier utilizes half of an LM358 and a JFET in a 
variable-gain amplifier used as a compressor. The attack time of the 
compressor is about 50 milliseconds; release time is 250 mS. Input 
signal amplitude range for acceptable record quality is about 5 to 75 
mVRMS. The second stage, 1/2 of a LM358, is a 3-pole butterworth 
low-pass filter with a cutoff-frequency of about 3 KHz. This filter 
eliminates “aliasing” in the CVSD modulator. 


Following the CVSD, the output (playback) signal is low-pass filtered 
by another active, 3 KHz cutoff butterworth filter (1/4 LM324). 
Following this stage, a CA4066B and its attendant drivers provide 
software-controlled volume control by varying the duty-factor of signal 
CODEC VOL. The frequency of this signal (including the produced 
sidebands) must be high enough to be above audible range; a 
minimum of 20 KHz is recommended. Playback power amplification is 
provided by an LM383. This stage also provides some roll-off to 
alleviate the above problem. The power stage will produce 4 watts of 
audio; thus, an external speaker should be used if above-normal 
sound levels are programmed, since the internal speaker is rated at 
only 300 milliwatts. 
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OPERATION 


OVERVIEW 


INITIALIZATION 
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At the bus interface, the SSDA appears as two addressable memory 
locations. Internally, there. are seven registers: two read-only and five 
write-only registers. The read-only registers are Status and Receive 
Data; the write-only registers are Control 1, Control 2, Control 3, 
Sync-Code and Transmit Data. The serial interface consists of serial 
input and output lines with independent clocks and four 
peripheral/modem control lines. 


Data to be transmitted is transferred directly into the 3-byte Transmit 
Data First-In First-Out (FIFO) register from the data bus. Availability of 
the input to the FIFO is indicated by a bit in the Status register; once 
data is entered, it moves through the FIFO to the last empty location. 
Data at the output of the FIFO is automatically transferred from the 
FIFO to the Transmitter Shift register as the shift register becomes 
available to transmit the next character. If data is not available from 
the FIFO (underflow condition), the Transmitter Shift register is 
automatically loaded with either a sync code or an all 1’s character. 
The transmit section should be programmed to not append parity onto 
the transmitted word. 


For use in the S1 audio system, the SSDA should normally be 
programmed to use 8-bit, no parity, and External Sync mode. Then 
the DTR control selects the input or output function. However, for 
completeness and any special functions, all modes of SSDA operation 
are discussed in the following sections. 


The method of serial data accumulating in the receiver depends on 
the synchronization mode selected. In External Sync mode, used for 
parallel-serial operation, the receiver is synchronized by the DCD 
(Data Carrier Detect) input and transfers successive bytes of data to 
the input of the Receiver FIFO. The Single-Sync-Character mode 
requires a match between the Sync-Code register and one incoming 
character before data transfer to the FIFO begins. In Two-Sync- 
Character mode, two sync codes must be received in sequence to 
establish synchronization. Subsequent to synchronization in any mode, 
data is accumulated in the shift register. Availability of a word at the 
FIFO output is indicated by a bit in the Status register. 


The SSDA and its internal registers are selected by the address bus 
and the Read/Write (R/W) and Enable control lines. To configure the 
SSDA, Control registers are selected and the appropriate bits set. The 
Status register can be selected to read status. 


The transmitter and receiver clock inputs are tied together. Signals to 
the microprocessor are the Data bus and Interrupt Request (IRQ). 


During a power-up sequence, system reset sets the SSDA in an 
internally-latched reset condition to prevent erroneous output 
transitions. The Sync-Code register, Control register 2, and Control 
register 3 should be loaded prior to the programmed release of the 
Transmitter and/or Receiver Reset bits. The bits in Control register 1 
should be cleared after the Reset line has gone high. 


TRANSMITTER 
OPERATION 


RECEIVER 
OPERATION 


SYNCHRONIZATION 


Data is transferred to the transmitter section in parallel form via the 
data bus and the Transmit Data FIFO. The Transmit Data FIFO is a 3- 
byte register whose status is indicated by the Transmitter Data 
Register Available status bit (TDRA) and its associated interrupt 
enable bit. Data is transferred through the FIFO on negative edges of 
PHASE2 pulses. Two data transfer modes are provided in the SSDA: 
the 1-byte transfer mode provides for writing data to the transmitter 
section (and reading from the receiver section) one byte at a time; 
the 2-byte transfer mode provides for writing two data characters in 
succession. 


Data automatically transfers from the last register location in the 
Transmit Data FIFO (when it contains data) to the Transmitter Shift 
register during the last half of the last bit of the previous character. A 
character is transferred into the Shift register by the Transmitter 
Clock. Data is transmitted LSB first. 


When the Shift register becomes empty and data is not available for 
transfer from the Transmit Data FIFO, an underflow results, and a 
character is inserted into the transmitter data stream. This character 
will be either all 1's or the contents of the Sync-Code register, 
depending on the state of the Transmit Sync-Code-On-Underflow 
control bit. 


Transmission is initiated by clearing the Transmitter Reset bit in 
Control register 1. When the Transmitter Reset bit is cleared, the first 
full positive half-cycle of the Transmit Clock initiates the transmit 
cycle; the transmission of data (or underflow characters) begins on 
the negative edge of the Transmit Clock pulse which started the 
cycle. If the Transmit Data FIFO has not been loaded, an underflow 
character is transmitted. When the Transmitter Reset bit (Tx Rs) is 
set, the Transmit Data FIFO is cleared and the TDRA status bit is 
cleared. After one PHASE2 clock has occurred, the Transmit Data 
FIFO becomes available for new data and TDRA is inhibited. 


Data and a pre-synchronized clock are provided to the SSDA receiver 
section by means of the Receive Data (Rx Data) and Receive Clock 
(Rx Clk) inputs. The data is a continuous bit stream; character 
boundaries cannot be identified within the stream. The Receiver Shift 
register outputs are high when it is in the reset state. 


The SSDA provides three operating modes related to character 
synchronization: One-Sync-Character mode, Two-Sync-Character 
mode, and External Sync mode. The External Sync mode requires 
synchronization and control of the receiving section through the Data 
Carrier Detect (DCD) input. The external synchronization source could 
consist of a direct control line from the transmitting end of the serial 
data link or from external logic designed to detect the start of a 
message block. The One-Sync-Character mode searches on a bit-by- 
bit basis until a match is achieved between the data in the Shift 
register and the Sync-Code register. A match indicates that character 
synchronization is complete and will be retained for the message 
block. In the Two-Sync-Character mode, the receiver searches for the 
first sync-code match on a bit-by-bit basis and then looks for a 
second successive sync-code character prior to establishing 
character synchronization. If the second sync-code character is not 
received, the bit-by-bit search for the first sync-code resumes. 
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RECEIVING DATA 


FUNCTIONS 


SSDA INTERFACE 
SIGNALS FOR CPU 


SSDA Bidirectional 
Data (ID0-ID7) 
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NPUT/OUTPUT 


Sync-codes received prior to the completion of synchronization (one 
or two character) are not transferred to the Receive Data FIFO. 
Redundant sync-codes received during the preamble or sync-codes 
which occur as fill characters can automatically be stripped from the 
data by setting the Strip-Sync control bit to minimize system loading. 
Character synchronization is retained until cleared by means of the 
Clear-Sync bit. This bit also inhibits the synchronization search 
routine. 


Once synchronization has been achieved, subsequent characters are 
automatically transferred into the Receive Data FIFO and clocked 
through the FIFO to the last empty location by PHASE2 pulses. The 
Receiver Data Available status-bit (RDA) indicates when data is 
available to be read from the last FIFO location (number 3) when in 
the 1-byte transfer mode. The 2-byte transfer mode causes the RDA 
status bit to indicate that data is available when the last two FIFO 
register locations are full. Available data in the Receive Data FIFO 
triggers an interrupt request if the Receiver Interrupt Enable bit (RIE) 
is set. The CPU should then read the SSDA Status register, which 
indicates whether data is available for the CPU to read from the 
Receive Data FIFO register. The IRQ and RDA status bits are reset 
by a read from the FIFO. 


If more than one character has been received and is resident in the 
Receive Data FIFO, subsequent PHASE2 clocks cause the FIFO to 
update and the RDA and IRQ status-bits to again be set. The read- 
data operation for the 2-byte transfer mode requires a PHASE2 clock 
intervening between reads to allow the FIFO data to shift. 


The other status bit which pertains to the receiver section is Receiver 
Overrun. The Overrun status bit is automatically set when a character 
is transferred to the Receive Data FIFO while the first register of the 
Receive Data FIFO is full. Overrun causes an interrupt if Error 
Interrupt Enable (EIE) has been set. The transfer of the overrunning 
character into the FIFO causes the previous character in the FIFO 
input register location to be lost. The Overrun status bit is cleared by 
reading the Status register (when the overrun condition is present) 
followed by a Receive Data FIFO register read. Overrun cannot occur 
and be cleared without providing an opportunity to detect its 
occurrence via the Status register. 


The SSDA interfaces to the CPU with an 8-bit bidirectional data bus 
(IDO-ID7), a chip-select line, a register-select line, an interrupt-request 
line, a read/write line, an enable line, and a reset line. These signals 
permit the CPU to have complete control over the SSDA. 


The bidirectional data lines (DO-D7) allow for data transfer between 
the SSDA and the CPU. The data bus output drivers are three-state 
devices that remain in the high-impedance (off) state except when 

the CPU performs an SSDA read operation. 


SSDA Enable 
(PHASE2) 


Read/Write (R/W) 


Chip Select (CS) 


Register Select (RS) 


Interrupt Request 
(IRQ) 


Reset Input 


CLOCK INPUTS 


Transmit Clock 
(Tx Clik) 


The Enable signal, PHASE2, is a high impedance TTL-compatible 
input that enables the bus input/output data buffers, clocks data to 
and from the SSDA, and moves data through the FIFO Registers. This 
signal is the continuous System PHASE2 1 Mhz clock. 


The Read/Write line is a high-impedance input that is TTL-compatible 
and is used to control the direction of data flow through the SSDA’s 
input/output data bus interface. When Read/Write is high (CPU read 
cycle), SSDA output drivers are turned on if the chip is selected and 
a selected register is read. When it is low, the SSDA output drivers 
are turned off and the CPU writes into a selected register. The 
Read/Write signal is also used to select read-only or write-only 
registers within the SSDA. 


The Chip Select line is a high impedance TTL-compatible input line 
used to address the SSDA. The SSDA is selected when CS is low. 
Transfers of data to and from the SSDA are performed under the 
control of the Enable signal, Read/Write, and Register Select. 


The Register Select line is a high impedance input that is TTL- 
compatible. A high level is used to select Control registers C2 and 
C3, the Sync Code register, and the Transmit/Receive Data registers. 
A low level selects the Control 1 and Status registers (see Table 1). 
This line is driven by the AO bit of the system address bus. 


Interrupt Request is a TTL-compatible, open-drain (no internal pullup), 
active-low output that is used to interrupt the CPU. The Interrupt 
Request remains low until cleared by the CPU. 


The Reset input provides a means of resetting the SSDA from an 
external source. In the low state, the Reset input causes the following: 


® The Receiver Reset (Rx Rs) and Transmitter Reset (Tx Rs) bits are 
set, causing both the receiver and transmitter sections to be held 
in a reset condition. 


» Peripheral Control bits PC1 and PC2 are reset to zero, causing the 
SM/DTR output to be high. 


The Error Interrupt Enable (EIE) bit is reset. 


w 


An internal synchronization mode is selected. 


The Transmitter Data Register Available (TDRA) status bit is 
cleared and inhibited. 


When Reset returns high (the inactive state), the transmitter and 
receiver sections remain in the reset state until the Receiver Reset 
and Transmitter Reset bits are cleared via the bus under software 
control. The Control Register bits affected by Reset (Rx Rs, Tx Rs, 
PC1, PC2, EIE, and E/| Sync) cannot be changed when Reset is low. 


Separate high impedance TTL-compatible inputs are driven by a 
common source for clocking transmitted and received data. The 
source is the CB2 signal from the Control Port VIA. 


The Transmit clock input is used to clock out of transmitted data. The 
transmitter shifts data on the negative transition of the clock. 
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Receive Clock The Receive clock input is used to clock in received data. The clock 
(Rx Clk) and data must be synchronized externally. The receiver samples the 
data on the positive transition of the clock. 


SERIAL 

INPUT/OUTPUT 

LINES 

Receive Data The Receive Data line is a high impedance TTL-compatible input 

(Rx Data) through which data is received in a serial format. Data rates may be 
from 0 to 600 kbs. 

Transmit Data The Transmit Data output line transfers serial data to a modem or 

(Tx Data) other peripheral. Data rates may be from 0 to 600 kbs. 

SSDA REGISTERS Seven registers in the SSDA can be accessed by means of the bus. 


The registers are defined as read-only or write-only according to the 
direction of information flow. The Register Select input (RS) selects 
two registers in each state, one being read-only and the other write- 
only. The Read/Write input (R/W) defines which pair is actually 
accessed. Four registers (two read-only and two write-only) can be 
addressed via the bus at any particular time. These registers and the 
required adressing are defined in Table E-1. 


Table E-i: SSDA Programming Model 


INPUTS CONTROL REGISTER CONTENT 
REGISTER RS R/W AC2 ACI BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
Status (S) 0 1 x x Interrupt Receiver Receiver Transmitter Clear- Data Carrier Transmitter Receiver 
Request Parity Overrun Underflow  to-Send Detect Data Data 
(IRQ) Error (RX Ovrn) (TUF) (CTS) (DCD) Register Available 
Available (RDA) 
(TDRA) 
Control 0 0 x X Address Address Receiver Transmitter Clear Strip Syne Transmitter Receiver 
(C1) Control 2 Control 1 Interrupt —_ Interrupt Sync Characters Reset Reset 
(AC 2) (AC 1) Enable (TIE) (Strip Sync) (Tx Rs) (Rx Rs) 
(RIE) 
Receive 1 1 xX X D7 D6 D5 D4 D3 D2 D1 DO 
Data FIFO 
Control 2 1 0 0 0 Error Transmit Word Word Word 1-Byte/2-Byte Peripheral Peripheral 
(C2) Interrupt Sync Code Length Length Length Transfer Control 2 Control 1 
Enable on Underflow Select 3 Select 2 Select 1 (1-Byte/ (PC 2) (PC 1) 
(EIE) (TX Sync) (WS 3) (WS 2) (WS 1) 2-Byte) 
Control 3 1 0 0 1 Not Used Not Used Not Used Not Used Clear Clear CTS One-Sync- External/ 
Transmitter Status Character/ Internal 
Underflow (Clear CTS) Two-Sync- Sync Mode 
Status Character Control 
(CTUF) Mode Control (E/I Sync) 
(1 Sync/ 
2 Sync) 
Syne Code 1 0 1 0 D7 D6 D5 D4 D3 D2 Di DO 
Transmit 1 0 1 1 D7 D6 DS D4 B3 D2 D1 DO 


X = Don't care. 
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CONTROL REGISTER Control register 1 is an 8-bit write-only register that can be directly 
1 (C1) addressed from the data bus. Control register 1 is addressed when 
RS equals zero. 


Receiver Reset The Receiver Reset control bit provides both a reset and inhibit 

(Rx Rs), Ci Bit 0 function to the receiver section. When Rx Rs is set, it clears the 
receiver control logic, sync logic, error logic, Rx Data FIFO Control, 
Parity Error status bit, and DCD interrupt. The Receiver Shift register 
is set to “ones.” The Rx Rs bit must be cleared after the occurrence 
of a low level on Reset in order to enable the receiver section of the 


SSDA. 
Transmitter Reset The Transmitter Reset control bit provides both a reset and inhibit to 
(Tx Rs), Ci Bit 1 the transmitter section. When Tx Rs is set, it clears the transmitter 


control section, Transmitter Shift register, Tx Data FIFO Control (the 
Tx Data FIFO can be reloaded after one PHASE2 clock pulse), the 
Transmitter Underflow status bit, and the CTS interrupt, and inhibits 
the TDRA status bit (in the one-sync-character and two-sync- 
character models). The Tx Rs bit must be cleared after the 
occurrence of a low level on Reset in order to enable the transmitter 
section of the SSDA. If the Tx FIFO is not preloaded, it must be 
loaded immediately after the Tx Rs release to prevent a transmitter 
underflow condition. 


Strip Synchronization _ |f the Strip-Sync bit is set, the SSDA automatically strips all received 

Characters (Strip- characters which match the contents of the Sync-Code register. The 

Sync), C1 Bit 2 characters used for synchronization (one or two characters of sync) 
are always stripped from the received data stream. 


Clear Synchronization The Clear-Sync control bit provides the capability of dropping receiver 

(Clear-Sync), C1 Bit 3 character synchronization and inhibiting resynchronization. The Clear- 
Sync bit is set to clear and inhibit receiver synchronization in all 
modes and is reset to zero to enable resynchronization. 


Transmitter Interrupt TIE enables both the Interrupt Request output (IRQ) and Interrupt 

Enable (TIE), C1 Bit 4 Request status bit to indicate a transmitter service request. When TIE 
is set and the TDRA status bit is high, the IRQ output goes low (the 
active state), and the IRQ status bit goes high. 


Receiver Interrupt RIE enables both the Interrupt Request output (IRQ) and the Interrupt 

Enable (RIE), Ci Bit 5 Request status bit to indicate a receiver service request. When RIE is 
set and the RDA status bit is high, the IRQ output goes low (the 
active state), and the IRQ status bit goes high. 


Address Control 1 AC1 and AC2 select one of the write-only registers (Control 2, Control 
(AC1) and Address 3, Sync-Code, or Tx Data FIFO), as shown in Table G-1, when RS 
Control 2 (AC2), Ci equals one and R/W equals zero. 

Bits 6 and 7 


CONTROL REGISTER Control register 2 is an 8-bit write-only register which can be 

2 (C2) programmed from the bus when the Address Control bits in Control 
register 1 (AC1 and AC2) are reset and RS equals one and R/W 
equals zero. 
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Peripheral Control 1 
(PC1) and Peripheral 
Control 2 (PC2), 
C2 Bits 0 and 1 


1-Byte/2-Byte Transfer 
(i-Byte/2-Byte), 
C2 Bit 2 


Word Length Selects 
(WS1, WS2, WS3), 
C2 Bits 3, 4, and 5 


Transmit Sync-Code 
on Underflow 
(Tx Sync), C2 Bit 6 


Error Interrupt Enable 
(EIE), C2 Bit 7 


CONTROL REGISTER 
3 (C3) 


External/Internal Sync 
Mode Control (E/1 
Sync), C3 Bit 0 
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The Peripheral Control 1 bit (PC1) and the Peripheral Control 2 bit 
(PC2) control the direction of data transfer and the selected CODEC 
function (Encode for receive; Decode for transmit). Control is 
accomplished by setting PC2 and setting PC1 to 00 for enabling the 
input (receive) function or to a 01 to enable the output (transmit) 
function. The DTR output is connected directly to the CTS input of 
the SSDA. Its complement is connected to the DCD input of the 
SSDA, as well as to the Encode/Decode select (pin 10) of the 
CODEC. 


When 1-Byte/2-Byte is set, the TDRA and RDA status bits indicate 
the availability of their respective data FIFO registers for a single byte 
data transfer. If 1 Byte/2 Byte is reset, the TDRA and RDA status bits 
indicate when two bytes of data can be moved without a second 
status-read. An Enable pulse must occur between data transfers. 


Word Length Select bits WS1, WS2, and WS3 select the word length 
(including parity) for the 7, 8, and 9 bits, as shown in Table G-1. 


When Tx Sync is set, the transmitter automatically sends a sync- 
character when data is not available for transmission. If Tx Sync is 
reset, the transmitter transmits a Mark character (including the parity 
bit position) on underflow. If the Tx Sync bit is set when the underflow 
is detected, a pulse approximately the width of a Tx Clk high-period 
occurs on the underflow output. Internal parity generation is inhibited 
during underflow except for sync-code fill-character transmission in 
8-bit-plus parity word lengths. 


When EIE is set, the IRQ status bit goes high and the IRQ output 
goes low if — 


» A receiver overrun occurs. The interrupt is cleared by reading the 
Status Register and reading the Rx Data FIFO. 


» The transmitter has underflowed (in the Tx Sync On Underflow 
Mode). The interrupt is cleared by writing a 1” into the Clear 
Underflow, C3 bit 3, or Tx Reset. 


When EIE is a 0, the IRQ status bit and the IRQ output are disabled 
for the preceding error conditions. A low level on the Reset input 
resets EIE to “0.” 


Control register 3 is a 4-bit write-only register that can be 
programmed from the bus when RS equals one and R/W equals zero 
and when Address Control bits AC1 equals one and AC2 equals zero. 


When the E/1 Sync Mode bit is high, the SSDA is in External Sync 
mode, and the receiver synchronization logic is disabled. 
Synchronization can be achieved by means of the DCD input. The 
DCD input is controlled directly by the DTR output, whose operation 
is described earlier in “Control Register 2, bits PCO and PC1.” Both 
the transmitter and receiver sections operate as parallel-to-serial 
converters in External Sync mode. The Clear-Sync bit in Control 
register 1 acts as a receiver sync inhibit when high to provide a bus- 
controllable inhibit. The Sync-Code Register can serve as a 


One-Sync- 
Character/Two-Sync- 
Character Mode 
Control (1 Syne/2 
Sync), C3 Bit 1 


Clear CTS Status 
(Clear CTS), C3 Bit 2 


Clear Transmit 
Underflow Status 
(CTUF), C3 Bit 3 


SYNC-CODE 
REGISTER 


PARITY FOR SYNC 
CHARACTER 


Transmitter 


transmitter fill-character register and a receiver match register in this 
mode. A low on the Reset input resets the E/1 Sync Mode bit, 
placing the SSDA in Internal Sync mode. 


When the 1 Sync/2 Sync bit is set, the SSDA synchronizes on a 
single match between the received data and the contents of the 
Sync-Code register. When the 1 Sync/2 Sync bit is reset, two 
successive sync characters must be received prior to receiver 
synchronization. If the second sync character is not detected, the bit- 
by-bit search resumes from the first bit in the second character. Refer 
to the section of the Sync Code register for more detailed description. 


When a “1” is written into the Clear CTS bit, the stored status and 
interrupt are cleared. Subsequently, the CTS status bit reflects the 
state of the CTS input. The Clear CTS control bit does not affect the 
CTS input or its inhibit of the transmitter section. The Clear CTS 
command bit is self-clearing, so writing a “O” into this bit 
accomplishes nothing. 


When a “1” is written into the CTUF status bit, the CTUF bit and its 
associated interrupt are reset. The CTUF command bit is 
self-clearing. 


The Sync-Code register is an 8-bit register for storing the 
programmable sync code required for received data character 
synchronization in the One-Sync-Character and Two-Sync-Character 
modes. The Sync-Code register also provides for stripping the 
sync/fill characters from the received data (a programmable option) 
and for automatic insertion of fill characters in the transmitted data 
stream. The Sync-Code register is not used for receiver character 
synchronization in the External Sync mode; instead, it provides 
storage of receiver match and transmit fill characters. 


The Sync-Code register can be loaded when AC2 and AC1 are a “1” 
and a “0”, respectively, and if R/W equals zero and RS equals one. 


The Sync-Code Register may be changed after the detection of a 
match with the received data (the first sync-code having been 
detected) to synchronize with a double-word sync pattern. (This sync- 
code change must occur prior to the completion of the second 
character.) The sync-match (SM) output can be used to interrupt the 
CPU system to indicate that the first eight bits have matched. The 
service routine would then change the Sync Code register to the 
second half of the pattern. Alternately, One Sync-Character mode can 
be used for sync-codes of more than 8 bits by using software to 
check the second and subsequent bytes after reading them from the 
FIFO, 


The Transmitter does not generate parity for the sync character 
except in 9-bit mode: 
9-bit (8-bit + parity) generates an 8-bit sync character + parity 


8-bit (7-bit + parity) generates an 8-bit sync character (no 
parity) 
( 


7-bit (6-bit + parity) generates a 7-bit sync character (no parity) 
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Receiver 


RECEIVE DATA 
FIRST-IN FIRST-OUT 
REGISTER (Rx Data 
FIFO) 
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DURING SYNCHRONIZATION The Receiver automatically strips 

the sync character(s) (there are two sync characters if 2-sync mode 
is selected) used to establish synchronization. Parity is not checked 

for these sync characters. 


AFTER SYNCHRONIZATION IS ESTABLISHED When the “strip- 
sync” bit is selected, the sync characters (fill characters) are stripped, 
and parity is not checked for the stripped sync (fill) characters. When 
the strip-sync bit is not selected (low), the sync character is assumed 
to be normal data and is transferred into FIFO after parity checking (if 
a parity format is selected). 


SASS Bea 


Strip Syne Control Bit. 


BEARPR EE Baw “hee 


WSO-WS2 
STRIP SYNC (DATA FORMAT; 
(C1 BIT 2) C2 BIT 3-5) OPERATION 

1 Xx No transfer of sync-code. 
No parity check of sync-code. 

0 With parity “Transfer data and sync-codes. 
Parity check. 

0 Without parity *Transfer data and sync-codes. 


No parity check. 


“Subsequent to synchronization. 


Care should be exercised in selecting the sync character in the 
following situations: 


» When Data format is (6 + parity) or (7 + parity) 
& When Strip sync is not selected (low) 


» When sync code is used as a fill character, and synchronization 
is established 


The transmitter sends a sync character with parity, but the receiver 
checks the parity as if it were normal data. Therefore, the sync 
character should be chosen to match the parity check selected for 
the receiver in the special cases described in Table E-2. 


The Receive Data FIFO register consists of three 8-bit registers and 
is used for buffer storage of received data. Each 8-bit register has an 
internal status bit that monitors its full or empty condition. Data is 
always transferred from a full register to an adjacent empty register. 
The transfer from register to register occurs on PHASE2 pulses. The 
RDA status bit is high when data is available in the last location of 
the Rx Data FIFO. 


In an Overrun condition, the overrunning character is transferred into 
the full first stage of the FIFO register and causes the loss of that 
data character. Successive overruns continue to overwrite the first 


TRANSMIT DATA 
FIRST-IN FIRST-OUT 
REGISTER (TX DATA 
FIFO) 


STATUS REGISTER 


Receiver Data 
Available (RDA), 
S Bit 0 


Transmitter Data 
Register Available 
(TDRA), S Bit 1 


register of the FIFO. This destruction of data is indicated by the 
Overrun status bit. The Overrun bit is set when the overrun occurs 
and remains set until the Status Register is read and a read of the Rx 
Data FIFO occurs. 


Unused data bits for short word lengths (including the parity bit) 
appear as zeros on the data bus when the Rx Data FIFO is read. 


The Transmit Data FIFO register consists of three Shift registers used 
for buffer storage of data to be transmitted. Each 8-bit register has an 
internal status bit which monitors its full or empty condition. Data is 
always transferred from a full register to an adjacent empty register. 
The transfer is clocked by pulses. The TDRA status bit is high if the 
Tx Data FIFO is available for data. 


Unused data bits for short word lengths are handled as “don't cares.” 
The parity bit is not transferred over the data bus since the SSDA 
generates parity at transmission. 


When an Underflow occurs, the Underflow character is either the 
contents of the sync-code register or an all-ones character. The 
Underflow is stored in the Status register until cleared and appears on 
the Underflow output as a pulse approximately the width of a Tx Clk 
high period. 


The Status register is an 8-bit read-only register. It provides the real- 
time status of the SSDA and the associated serial data channel. 
Reading the Status register is nondestructive. The method of clearing 
Status bits depends upon the function each bit represents and is 
treated separately for each bit in the register, as described in the 
following sections. 


The Receiver Data Available status bit indicates when receiver data 
can be read from the Rx Data FIFO. The presence of Receiver data 
is in the last register (#3) of the FIFO causes RDA bit to be high for 
the 1-byte transfer mode. In the 2-byte transfer mode, a high RDA bit 
indicates that the last two registers (#2 and #3) are full. The second 
character can be read without a second status read (to determine 
whether the character is available). Status must be read on a byte- 
by-byte basis if receiver data error checking is desired. The RDA 
Status bit is reset automatically when data is not available. 


The TDRA status bit indicates that data can be loaded into the Tx 
Data FIFO register. An empty first register (#1) of the Tx Data FIFO is 
indicated by a high-level TDRA status bit in the 1-byte transfer mode. 
The first two registers (#1 and #2) must be empty for TDRA to be 
high when in the 2-byte transfer mode. The Tx Data FIFO can be 
loaded with two bytes without an intervening status read. TDRA is 
inhibited by the Tx reset or reset. Upon Tx Reset, the Tx Data FIFO is 
cleared and then released on the PHASE2 clock pulse. The Tx Data 
FIFO can then be loaded with up to three data characters, even 
though TDRA is inhibited. This feature allows preloading data prior to 
the release of Tx Reset. A high-level CTS input inhibits the TDRA 
Status bit in either sync mode (One-Sync-Character mode or Two- 
Sync-Character mode). CTS does not affect TDRA in External Sync 
mode. Thus the SSDA is allowed to operate under the control of the 
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Data Carrier Detect 
(DCD), S Bit 2 


Clear-to-Send 
(CTS), S Bit 3 


Transmitter Underfiow 
(TUF), S Bit 4 


Receiver Overrun 
(Rx Ovrn), S Bit 5 


Receiver Parity Error 
(PE), S Bit 6 


interrupt Request 
(IRQ), S Bit 7 


STATUS REGISTER 


IRQ Bit7 


Bits 6 to 0 
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CTS input with TDRA indicating the status of the Tx Data FIFO. The 
CTS input does not clear the Tx Data FIFO in any operating mode. 


A positive transition on the DCD input is stored in the SSDA until 
cleared by reading both Status and Rx Data FIFO. A “1” written into 
Rx Rs also clears the stored DCD status. The DCD status bit, when 
true, indicates that the DCD input has gone high. The reading of both 
Status and Receive Data FIFO allows Bit 2 of subsequent Status 
reads to indicate the state of the DCD input until the next positive 
transition. 


A positive transition on the CTS input is stored in the SSDA until 
cleared by writing a “1” into the Clear CTS control bit or the Tx Rs 
bit. The CTS status bit, when true, indicates that the CTS input has 
gone high. The Clear CTS command (a “1” into C3 Bit 2) allows Bit 3 
of subsequent Status reads to indicate the state of the CTS input until 
the next positive transition. 


When data is not available for the transmitter, an underflow occurs 
and is so indicated in the Status register (in the Tx Sync on underflow 
mode). The underflow status bit is cleared by writing a “1” into the 
Clear Underflow (CTUF) control bit or the Tx Rs bit. TUF indicates 
that a sync character will be transmitted as the next character. A TUF 
is indicated on the output only when the contents of the Sync-Code 
Register is to be transferred (transmit sync code on underflow equals 
one). 


Overrun indicates that data has been received when the Rx Data 
FIFO is full, resulting in data loss. The Rx Ovrn status bit is set when 
Overrun occurs. The Tx Ovrn status bit is cleared by reading Status 
followed by reading the Rx Data FIFO or by setting the Rx Rs control 
bit. 


The Parity Error status bit indicates that parity for the character in the 
last register of the Rx Data FIFO did not agree with selected parity. 
The parity error is cleared when the character to which it pertains is 
read from the Rx Data FIFO or when Rx Rs occurs. The DCD input 
does not clear the Parity Error or Rx Data FIFO status bits. 


The Interrupt Request status bit indicates when the IRQ output is in 
the active state (IRQ output equals zero). The IRQ status bit is 
subject to the same interrupt enables (RIE, TIE, and EIE) as the IRQ 
output. The IRQ status bit simplifies status inquiries for polling 
systems by providing a single-bit indication of service requests. 


The IRQ flag is cleared when the source of the IRQ is cleared. The 
source is determined by the enables in the Control registers. TIE, RIE, 
EIE. 


Indicate the SSDA status at a point in time, and can be reset as 
follows: 


PE Bit6 Read Rx Data FIFO, or a “1” into Rx Rs (C1 Bit 0). 


CONTROL 
REGISTER 1 


AC2, ACi_ Bits 7, 6 
RIE BitS 

TIE Bit 4 

Clear Sync Bit 3 
Strip Sync Bit 2 
Tx Rs_ Bit 1 

Rx Rs_ Bit 0 


CONTROL 
REGISTER 2 


CTUF Bit 3 
Clear CTS Bit 2 
1 Syne/2 Sync Bit 1 


E/1 Syne Bit 0 
CONTROL 
REGISTER 2 


EIE Bit 7 


Tx Sync Bit 6 


WS3, 2,1 Bits 5 to3 


Rx Ovrn Bit 5 Read Status and then Rx Data FIFO or a “1” into Rx 
Rs (C1 Bit 0). 


TUF Bit 4 A “1” into CTUF (C3 Bit-3) or into Tx Rs (C1 Bit 1). 


CTS Bit 3 A “1” into Clear CTS (C3 Bit 2) or a “1” into Tx Rs (C1 
Bit 1). 


DCD Bit 2 Read Status and then Rx Data FIFO or a ‘‘1” into Rx Rs 
(C1 Bit 0). 


TDRA Bit 1 Write into Tx Data FIFO. 


RDA Bit 0 Read Rx Data in FIFO. 


Used to access other registers, as shown above. 

When “1”, enables interrupt on RDA (S Bit 0). 

When “1”, enables interrupt on TDRA (S Bit 1). 

When “1”, clears receiver character synchronization. 

When “1”, strips all sync codes from the received data stream. 
When “1”, resets and inhibits the transmitter section. 


When “1”, resets and inhibits the receiver section. 


When “1”, clears TUF (S Bit 4), and IRQ if enabled. 
When “1”, clears CTS (S Bit 3), and IRQ if enabled. 


When “1”, selects the one-sync-character mode; when “0”, selects 
the two-sync character mode. 


When 1", selects the external sync mode; when “0”, selects the 
internal sync mode. 


When “1”, enables the PE, Rx Ovrn, TUF, CTS, and DCD interrupt 
flags (S Bits 6 through 2). 


When “1”, allows sync code contents to be transferred on underflow, 


and enables the TUF Status bit and output. When “0”, an all mark 
character is transmitted on underflow. 
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1-Byte/2-Byte, Bit 2 


PC2, PC1, 
Bits 1 and 0 


CODEC DEVICE 
OPERATION 


THE DELTA 
MODULATOR 
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: Word Length Select _ 


BIT 5 BIT 4 BIT 3 

WS3 WS2 Wwsi WORD LENGTH 
0 0 0 6 bits + even parity 
0 0 1 6 bits + odd parity 
0 1 0 7 bits, no parity 
*O 1 1 8 bits, no parity 
1 0 0 7 bits + even parity 
1 0 1 7 bits + odd parity 
1 1 0 8 bits + even parity 
1 ‘ 1 8 bits + odd parity 


“This is the mode which should always be used. 


When “1”, enables the TDRA and RDA bits to indicate when a 1-byte 
transfer can occur; when “0”, the TDRA and RDA bits indicate when 
a 2-byte transfer can occur. 


eS 


s : 2 eee 


SM/DTR Output Control 


BIT 1 BIT 0 

PC2S PCI SM/DTR OUTPUT AT PIN 5 
0 0 1 Select audio output 
1 0 0 Select audio input 


The Continuously-Variable-Slope-Delta modulator (CVSD) is a simple 
alternative to more complex conventional conversion techniques in 
systems requiring digital communication of analog signals. The human 
voice is analog, but digital transmission of any signal over great 
distance is attractive. Signal/noise ratios do not vary with distance in 
digital transmission, and multiplexing, switching, and repeating 
hardware is more economical and easier to design. However, 
instrumentation Analog-to-Digital converters do not meet the 
communications requirements. The CVSD Analog-to-Digital is well 
suited to the requirements of digital communications and is an 
economically efficient means of digitizing voice inputs for 
transmission. 


The innermost control loop of a CVSD converter is a simple delta 
modulator. A delta modulator consists of a comparator in the forward 
path and an integrator in the feedback path of a simple control loop. 
The inputs to the comparator are the analog input signal and the 
integrator output. The comparator output reflects the sign of the 
difference between the input voltage and the integrator output. That 
sign bit is the digital output and also controls the direction of ramp in 
the integrator. The comparator is normally clocked, producing 
synchronous and band-limited digital bit-stream. 


lf the clocked serial bit-stream is transmitted, received, and delivered 
to a similar integrator at a remote point, the remote integrator output 
is a copy of the transmitting control loop integrator output. To the 
extent that the transmitting integrator tracks the input signal, the 
remote receiver reproduces that input signal. Low-pass filtering at the 
receiver output eliminates most of the quantizing noise if the clock 
rate of the bit stream is an octave or more above the upper band 
limit of the input signal. Input bandwidth cuts off above 3 kHz, so 
clock rates from 8 kHz up are possible. Thus, the delta modulator 
digitizes and transmits the analog input to a remote receiver. The 
serial, unframed nature of the data is ideal for communications 
networks. With no input at the transmitter, a continuous one/zero 
alternation is transmitted. If the two integrators are made leaky, then, 
during any loss of contact, the receiver output decays to zero and 
receive restart begins without framing when the receiver re-acquires. 
Similarly, a delta modulator is tolerant of sporadic bit errors. 


THE COMPANDING The fundamental advantages of the delta modulator are its simplicity 

ALGORITHM and the serial format of its output. Its limitations are those caused by 
a limited digital bit rate. The analog input must be band-limited and 
amplitude-limited. The frequency limitations are governed by the 
Nyquist information rate relationships, and the amplitude capabilities 
are set by the gain and dynamic range of the integrators. 


The frequency limits are bounded on the upper end; that is, for any 
input bandwidth there exists a clock frequency larger than that 
bandwidth transmits the signal with a specific noise level. However, 
the amplitude limits are bounded on both upper and lower ends. For 
any given signal level, one specific gain achieves an optimum noise 
level. Unfortunately, the basic delta modulator has a small dynamic 
range over which the noise level is constant. 


The continuously-variable-slope circuitry provides increased dynamic 
range by adjusting the gain of the integrator. For a given clock 
frequency and input bandwidth, the additional circuitry increases the 
delta modulator’s dynamic range. External to the basic delta 
modulator is an algorithm which monitors the past few outputs of the 
delta modulator in a simple shift register. The register is 2 bits long. 
The accepted CVSD algorithm simply monitors the contents of the 
shift register and indicates if it contains all ones or zeros. This 
condition is called coincidence. When it occurs, it indicates that the 
gain of the integrator is too small. The coincidence output charges a 
single pole low-pass filter. The voltage output of this "syllabic filter” 
controls the integrator gain through a pulse amplitude modulator 
whose other input is the sign bit or up/down control. 


The simplicity of the all-ones/aill-zeros algorithm should not be taken 
lightly. Many other control algorithms using shift registers have been 
tried. The key to the accepted algorithm is that it provides a measure 
of the average power or level of the input signal. Other techniques 
provide more instantaneous information about the shape of the input 
curve. The purpose of the algorithm is to control the gain of the 
integrator and to increase the dynamic range. Thus, a measure of the 
average input level is what is needed. 
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The algorithm is repeated in the receiver, and thus the level data is 
recovered in the receiver. Because the algorithm only operates on the 
past serial data, it changes the nature of the bit stream without 
changing the channel bit rate. 


The effect of the algorithm is to compand the input signal. If the bit 
stream from a CVSD encoder is played into a basic delta modulator, 
the output of the delta modulator reflects the shape of the input 
signal, but all of the output will be at an equa! level. Thus, the 
algorithm is needed at the output to restore the level variations. The 
bit stream on the channel behaves as if it came from a standard 
delta modulator with a constant level input. 


The delta modulator encoder with the CVSD algorithm provides an 
efficient method for digitizing voice signals in a manner which is 
especially convenient for digital communications requirements. 


PIN NUMBER PIN FUNCTION 
Pin 1 VDD (+5 volts) 
Pin 2 Audio Ground. Connection to D/A ladders and comparator. 
Pin 3 Audio Out. Recovered audio out. Presents approximately 100 kilo- 
ohm source. Zero signal reference is VDD/2. 
Pin 4 AGC (not used). A logic “low” level appears at this output when the 


recovered signal excursion reaches one-half of full scale value. 


Pin 5 Audio Input. Externally AC coupled. 

Pin 6 N/C 

Pin 7 N/C 

Pin 8 Ground Logic Ground 

Pin 9 Clock Input 

Pin 10 Encode/Decode. A low level selects the encode mode; a high level, 


the decode mode. 

Pin 11 Alternate Plain Text (not used). A low level at this input causes a 
quieting pattern to be transmitted without affecting the internal 
operation of the CVSD. 

Pin 12 Digital Data Input 

Pin 13 Force Zero (not used). A low level at this input forces the 
transmitted output, the internal logic, and the recovered audio 
output of the CVSD into the “quieting” condition. 


Pin 14 Digital Data Output 


MECHANICAL 
SPECIFICATIONS 


KEY TOTAL TRAVEL 


ACTUATION FORCE 


RELIABILITY 


KEY SPACING 


KEY SIDEPLAY 


KEY TOP 


DIMENSION 


KEY SURFACE 


KEY SWITCH 
PRESSURES 


ELECTRICAL 
SPECIFICATIONS 
INPUT POWER 
ROLLOVER 


CONNECTOR 
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APPENDIX F SIRIUS 1 KEYBOARD SPECIFICATION 


Range 150 in-.200 in £.010 (3.8 mm-5 mm) 
Preferred 170 in (4.3 mm) 
Key Pretravel 100 in minimum (2.5 mm) 


(when applicable) 


1.5-2.5 oz +380% 
(42.5-70 grams) 
5 oz +30% (42.5 grams) 


| 
Special Key Range 3-5 oz (85-142 grams) 
Preferred 3 oz (85 grams) 


Standard Key Range 


Preferred 


>100 million cycles 


Range .70-.80 in (18-20 mm) 
Preferred .75 in (19 mm) 

.018 in (.6 mm) 

2° rotational 

Range 47-60 in (12-15 mm) 
Preferred 51 in (13 mm) 


Concave, textured (mat) unless position marked otherwise, low 
reflection, low glare. 


Keytop shall be capable of withstanding 3 Ibs (1.4 kg) pull without 


coming loose and 11 Ibs (5 kg) in the direction of actuation without 
any damage to the key switch. 


+5VDC + 5% @ 250 ma 
N Key 


Type: AMP 87551-7 or equivalent 
Spacing: 0.1 in, 7 pin header 
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SPECIFICATIONS 


PROTOCOL 
DEFINITION 
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aE Pin Assignment 


PIN(S) NAME FUNCTION 


Vek +5V +5 volts at 250 ma 


2,3 GROUND System Ground 

4 KBACK TTL Input. Driven by terminal processor. Transitions 
indicate acknowledgement of KBRDY transitions. 

5 KBRDY TTL Output. Driven low by the keyboard to initiate 
handshake of each data bit of a transmission. Driven 
high after receipt of the negative edge of the KBACK 
line. 

6 KBDATA TTL Output. Changed after the positive edge of the 


KBACK line. Data must change no laterthan the 

negative edge of KBRDY. The exception to this is the 

stop bit. Transfer of the stop bit is as follows: 

1) Data line driven low at or before negative edge of 
KBRDY. 

2) Data line and KRBDY driven high following the 
negative edge of KBACK. 

3) Keyboard enters the Idle state afterthe positive 
edge of KBACK. 


The communication between the terminal processor and the keyboard 
is serial. The transmission is in 9-bit words. The first eight bits are the 
data byte, transmitted LSB first. The last bit is a stop bit. 


The keyboard will return key numbers and key status through the 
eight data bits. The MSB of the key number returned by the keyboard 
is status which flags a key close or key open. An MSB of one 
indicates a key close, and an MSB of zero indicates a key open. The 
least significant 7 bits are the key number. 


The stop bit is a zero from KBRDY low to KBACK low. The stop bit 
goes high before KBRDY goes high and remains high until the next 
transfer. 


The keyboard indicates it has an event in its buffer with the KBRDY 
line. If transmission is idle, the keyboard can signal an event by 
taking the KBRDY line low. The high to low transition of KBRDY 
should flag an interrupt in the terminal processor. The keyboard 
should raise the KBRDY line on the negative transition of the KBACK 
line. Each event in the keyboard buffer will cause a transition of the 
KBRDY line. The keyboard transmission becomes idle after the 
positive edge of the KBACK line following the stop bit. 


The keyboard times out the processor response to KBRDY low for 
250 milliseconds. If the processor does not respond with a negative 
transitionof KBACK clock within this time, the keyboard will drive 
KBRDY high and then restart the current transmission. This will allow 
the terminal processor to resynchronize to the keyboard data stream. 


2: Switching Characteristic 


es 


ia 


PARAMETER FUNCTION DESCRIPTION REQUIRED TIMING 
MAX MIN 
TDVRL KB data valid to KBRDY low — O 
TRLECL KBRDY low to KBACK low 250ms — 
TAHKL KBACK high to KBRDY low 1ms 0 


(except after stop bit) 


RESERVED HEX FUNCTION DESCRIPTION 
KEYBOARD CODES 
FEH Overflow Key queue overflow. Keys have been lost. 
FFH Dead Keyboard dead or not connected. 
ENVIRONMENTAL 
SPECIFICATIONS 
OPERATING 0° C-50° C 
TEMPERATURE 
STORAGE -40° C-+60° C 
TEMPERATURE 
HUMIDITY 0-95% noncondensing 
MATERIAL Self-extinguishable 
KEYBOARD Keyboard meets UL and VDE requirements for approval. 
APPROVALS 
VIBRATION To be determined 
SHOCK Operating. 10G peak 1/2 sinusoid: 10ms duration 


Nonoperating: 100G peak 1/2 sinusoid: 10ms duration 


KEYBOARD LAYOUT Key layouts vary from model to model in relation to the targeted 
application. The layout is broken into typewriter keys, command keys, 
and calculator keys. The typewriter pad has 58 possible key positions. 
The whole keyboard has a total of 104 possible key positions. The 
typewriter pad is sculptured; other pads are sloped. The layout uses 
one common PC Board, while the actual number of key positions 
occupied varies from model to model. 


KEYBOARD TIMING __ Figure F-1 illustrates keyboard timing 
DIAGRAM 
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igure F-1: Keyboard Timing Diagram 


128 


APPENDIX G COMMUNICATIONS 
CONTROLLER SPECIFICATIONS 
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rss 
1 INTRODUCTION The NEC uPD7201 Multiprotocol Serial Communications Controller 
(MPSC2) is a versatile device designed to give you high-level control 
of your data communication protocols with maximum flexibility and 
minimum processor overhead. The MPSC? contains two complete full 
duplex channels in a 40-pin package and incorporates a variety of 


sophisticated features to simplify your protocol managemert. 


G-1.1 FEATURES » Implements the three basic data/communications protocols 
— Asynchronous 
— Character-oriented synchronous (monosync, bisync, external 
sync) 
— Bit-oriented synchronous (SDLC/HDLC) 


®» Provides extensive error checking 
— Parity 
— CRC-16 
— CRC-CCITT 
— Break/Abort detection 
— Framing Error detection 


» Enhanced data reliability 
— Double-buffered transmitters 
— Quadruply-buffered receivers 
— Programmable transmitter underrun handling 


» Simplified system design 
— Simple interface to most microprocessors 
— Automatic Interrupt vectoring for most microprocessors 
— Four DMA channels for maximum throughput with standard 
8237 /8257-type DMA controllers 
— Single-phase TTL clock 
— Single +5 volt supply 
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This section describes the various pin functions available on the 


DESCRIPTION MPSC?. Some pin numbers are used twice because of their 
programmability and dual functionality. Those pins that have more 
than one function are marked with an * in the following descriptions. 
Refer to Section G-5 for detailed information on selecting pin 
functions. 


ae 
DATA BUS 10°D7 TxDA TRRNGHIEEN 
Gs TxCA j 
RD 
DATA BUS _ ig nies | 
CONTROL ‘ R AxGA RECEIVER 
c/o svaca | CHANNEL A 
B/A 
RTSA 
| INT CTSA | movem 
INTERRUPT INTA = DTRA | CONTROL 
CONTROL es 
| PA ‘ia DCDA 
PR 7201 
: TxDB | 
TRANSMITTER 
DRORXxA TxCB f 
DRATxA 
RxDB 
DMA DRORxB 
RxCB RECEIVER 
CONTROL DROTxB 
cats SYNCB 
HAI CHANNEL B 
HAO RTS 
CTSB 
erie MODEM 
DTRB CONTROL 
RESET 
Debs 


WATTA/DRORKA 
OTRA/ARAO 
PRO/OROATxB 
PRI/DRORxB 
TNT 


RTSB/SYNCB 
WAITB/DROTxA 


cD 


cs 
RD 
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12-19 D,-D, Data Bus (bidirectional three-state) 

The data bus lines are connected to the system data bus. Data or 
status from the MPSC? is output on these lines when CS and RD are 
active and data or commands are latched into the MPSC? on the 
rising edge of WR when CS is active. 


23 CS Chip Select (input, active low) 
Chip select allows the MPSC? to transfer data or commands during a 
read or write cycle. 


25 B/A Channel Select (input) 
A low selects channel A and a high selects channel B for access 
during a read or write cycle. 


24 C/D Control/Data Select (input) 

This input, with RD, WR and B/A, selects the data registers (C/D = 
0) on the control and status registers (C/D = 1) for access over the 
data bus. 


22 RD Read (input, active low) 
This input (with either CS during a read cycle or HAI during a DMA 
cycle) notifies the MPSC? to read data or status from the device. 


21 WR Write (input, active low) 

This input (with either CS during a read cycle or HAI during a DMA 
cycle) notifies the MPSC? to write data or control information to the 
device. 


2 RESET Reset (input, active low) 

A low on this input (one complete CLK cycle minimum) initializes the 
MPSC? to the following conditions: receivers and transmitters disabled, 
TxDA and TxDB set to marking (high), and Modem Control Outputs 
DTRA, DTRB, RTSA, RTSB set high. Additionally, all interrupts are 
disabled, and all interrupt and DMA requests are cleared. After a 
reset, you must rewrite all control registers before restarting operation. 


1 CLK System Clock (input) 

A TTL-level system clock signal is applied to this input. The system 
clock frequency must be at least 4.5 times the data clock frequency 
applied to any of the data clock inputs TxCA, TxCB, RxCA or RxCB. 


28 INT Interrupt Request (output, open drain, active low) 
INT is pulled low when an internal interrupt request is accepted. 


27 INTA Interrupt Acknowledge (input, active low) 

The processor generates two or three INTA pulses (depending on the 
processor type) to signal all peripheral devices that an interrupt 
acknowledge sequence is taking place. During the interrupt 
acknowledge sequence, the MPSC?, if so programmed, places 
information on the data bus to vector the processor to the appropriate 
interrupt service location. 


29* PRI Interrupt Priority In (input, active low) 

This input informs the MPSC? whether the highest priority device is 
requesting interrupt and is used with PRO to implement a priority 
resolution ‘daisy chain” when there is more than one interrupting 
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device. The state of PRI and the programmed interrupt mode 
determine the MPSC?’s response to an interrupt acknowledge 
sequence. 


30* PRO Interrupt Priority Out (output, active low) 

This output is active when HAI is active and the MPSC? is not 
requesting interrupt (INT is inactive). The active state informs the next 
lower priority device that there are no higher priority interrupt requests 
pending during an interrupt acknowledge sequence. 


11*, 32* WAITA WAITB Wait (outputs, open drain) 

These outputs synchronize the processor with the MPSC? when block 
transfer mode is used. You may program it to operate with either the 
receiver or transmitter, but not both simultaneously. WAIT is normally 
inactive. For example, if the processor tries to perform an 
inappropriate data transfer such as a write to the transmitter when the 
transmitter buffer is full, the WAIT output for that channel is active 
until the MPSC? is ready to accept the data. The CS, C/D, B/A, RD, 
and WR inputs must remain stable while WAIT is active. 


11*, 29*, 30*, 32*  DRQTxA, DRQTxB, DRQRxA, DRQRxB 

DMA Request (outputs, active high) 

When these lines are active, they indicate to a DMA controller that a 
transmitter or receiver is requesting a DMA data transfer. 


26* HAI Hold Acknowledge In (input, active low) 

This input notifies the MPSC? that the host processor has 
acknowledged the DMA request and has placed itself in the hold 
state. The MPSC? then performs a DMA cycle for the highest priority 
outstanding DMA request, if any. 


31* HAO Hold Acknowledge Out (output, active low) 

This output, with HAI, implements a priority daisy chain for multiple 
DMA devices. HAO is active when HAI is active and there are no 
DMA requests pending in the MPSC?. 


8,37 TxDA, TxDB Transmit Data (outputs, marking high) 
Serial data from the MPSC? is output on these pins. 


7,36 TxCA, TxCB Transmitter Clocks (inputs, active low) 

The transmit clock controls the rate at which data is shifted out at 
TxD. You may program the MPSC? so that the clock rate is 1x, 16x, 
32x, or 64x the data rate. Data changes on the falling edge of TxC. 
TxC features a Schmitt-trigger input for relaxed rise and fall time 
requirements. 


9,34 RxDA, RxDB Receiver Data (inputs, marking high) 
Serial data to the MPSC? is input on these pins. 


4,35 RxCA, RxCB Receiver Clocks (inputs, active low) 

The receiver clock controls the sampling and shifting of serial data at 
RxD. You may program the MPSC? so that the clock rate is 1x, 16x, 
32x, or 64x the data rate. RxD is sampled on the rising edge of RxC. 
RxC features a Schmitt-trigger input for relaxed rise and fall time 
requirements. 


26*, 31* DTRA, DTRB Data Terminal Ready (outputs, active low) 
The DTR pins are general-purpose outputs which may be set or reset 
with commands to the MPSC?. 


10, 38* RTSA, RTSB Request to Send (outputs, active low) 

When you operate the MPSC? in one of the synchronous modes, 
RTSA and RTSB are general-purpose outputs that you may set or 
reset with commands to the MPSC?. In asynchronous mode, RTS is 
active immediately as soon as it is programmed on. However, when 
programmed off, RTS remains active until the transmitter is completely 
empty. This feature simplifies the programming required to perform 
modem control. 


3,5 DCDA, DCDB Data Carrier Detect (inputs, active low) 

Data carrier detect generally indicates the presence of valid serial 
data at RxD. You may program the MPSC? so that the receiver is 
enabled only when DCD is low. You may also program the MPSC? so 
that any change in state that lasts longer than the minimum specified 
pulse width causes an interrupt and latches the DCD status bit to the 
new state. 


6,39 CTSA, CTSB Clear to Send (inputs, active low) 

Clear to send generally indicates that the receiving modem or 
peripheral is ready to receive data from the MPSC?. You may program 
the MPSC? so that the transmitter is enabled only when CTS is low. 
As with DCD, you may program the MPSC? to cause an interrupt and 
latch the new state when CTS changes state for longer than the 
minimum specified pulse width. 


10, 33* SYNCA, SYNCB Synchronization (inputs/ outputs, active low) 
The function of the SYNC pin depends upon the MPSC? operating 
mode. In asynchronous mode, SYNC is an input that the processor 
can read. It can be programmed to generate an interrupt in the same 
manner as DCD and CTS. 


In external sync mode, SYNC is an input which notifies the MPSC? 
that synchronization has been achieved (see Figure G-2.3 for detailed 
timing). Once synchronization is achieved, hold SYNC low until 
synchronization is lost or a new message is about to start. 


In internal synchronization modes (monosyne, bisync, SDLC), SYNC is 
an output which is active wherever a SYNC character match is made 
(see Figure G-2.4 for detailed timing). There is no qualifying logic 
associated with this function. Regardless of character boundaries, 
SYNC is active on any match. 
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Figure G-2.3 SYNC Output, External Synchronization 
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Figure G-2.4 SYNC Output, Internal Synchronization 
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6-3 PROTOCOLS A protocol defines a set of rules for transmitting information and 
control from one place to another. In parallel protocols as you might 
find on a microprocessor bus, dedicated ‘control’ lines handle 
functions such as timing, type of information, and error checking. 
Since the object of serial data communications is to minimize the 
number of wires, the protocol used must place all of this control 
information in the serial data stream. 


The basic protocol unit or frame can be built into increasingly 
complex protocols by defining special control characters and fields, 
and by grouping frames together into larger units. Virtually all 
communications protocols currently in use are based on one of three 
basic protocols: Asynchronous, Synchronous Character- or Count- 
Oriented Protocols (COPs), and Bit-Oriented Protocols (BOPs). 


134 


G-3.1 In asynchronous protocol, each character transmitted has its own 

| ASYNCHRONOUS framing information in the form of a start and stop bit(s). Each 

PROTOCOL character is a “message” in itself and may be asynchronous with 
respect to any others. You can implement error detection by adding a 
parity bit to each character. The transmitter makes the parity bit 1 or 
0 so that the character plus parity contains an even or odd number of 
ones for even parity or odd parity, respectively. Figure G-3.1 illustrates 
the asynchronous data format. 


G-3.2 In synchronous character-oriented protocols (COPs), the start and 
SYNCHRONOUS stop bits associated with each character are eliminated. A 
CHARACTER synchronization (sync) character that is not part of the data is 
ORIENTED transmitted before the data to establish proper framing. The 
PROTOCOLS synchronization character is usually 8 or 16 bits long. Monosync and 


IBM Bisync are typical examples of COPs (Figure G-3.2). Since the 
framing information is presented only at the beginning, the transmitter 
must insert fill characters to maintain synchronization. Sync 
characters are commonly used for this purpose. 


As with the asynchronous protocol, a parity bit may be used with 
each character to provide error checking. A more reliable check is 
performed by calculating a special 16-bit block check character 
called a Cyclic Redundancy Check (CRC) for the entire data block 
and transmitting this character at the end of the data. The most 
commonly used CRC polynomial for COPs is called CRC-16. 


A disadvantage of the character-oriented protocol is having to use 
special characters such as SYNC to define various portions of a 
message when you send non-character binary data (“transparent 
data” in bisync terminology). To do this, you must transmit special 
DLE sequences and selectively exclude certain characters from the 
CRC calculation for both the transmitter and receiver. The MPSC? 
features special circuitry to simplify this operation. 


G-3.3 Synchronous Bit-Oriented Protocols (BOPs) use a special set of rules 
SYNCHRONOUS to distinguish between data and framing characters. This eliminates 
BIT-ORIENTED some of the problems associated with COPs. The most common 
PROTOCOLS BOPs in use are the almost-identical HDLC and SDLC protocols 


shown in Figure G-3.3. 


The rules for SDLC (henceforth we will refer only to SDLC although 
the same information applies to HDLC as well) are quite simple. The 
basic transmission unit is called a frame and is delineated by a 
special flag character 01111110 (flags cannot be used as filler like the 
COP sync character). The data or information field may consist of 
any number of bits; not necessarily an integral number of n-bit 
characters. Since data could contain the 01111110 pattern, the 
transmitter performs the following operation: if five consecutive ones 
are transmitted, the transmitter inserts a zero bit before the next data 
bit. Likewise, the receiver must delete any zero that follows five 
consecutive ones. Six consecutive ones indicate a flag character and 
eight or more ones indicate a special abort condition. 


Error checking is done with a 16-bit CRC character inserted between 


the end of the information field and the End Of Frame flag. The CRC- 
CCITT polynomial is generally used. The end of a frame is 
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determined by counting 16 bits (CRC) back from the End Of Frame 
flag. Special circuitry in the receiver must inform the processor of the 
boundary between the end of the information field and the beginning 
of the CRC when the information field is not an integral number of n- 
bit characters. The MPSC? performs all of the above functions 
necessary to implement Bit-Oriented Protocols. 


Figure G-3.1 Asynchronous Data Character Format 
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Figure G-3.2 BISYNC Message Format 
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Figure G-3.4 Basic SDLC Frame 
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G-4 FUNCTIONAL 
DESCRIPTION 


G-4.1 TRANSMITTER 


The MPSC? provides two complete serial communications controllers 
in a single package implementing the following functions: 


Parallel-to-Serial and Serial-to-Parallel data conversion. 


Buffering of outgoing and incoming data, allowing the processor 
time to respond. 


Insertion and deletion of framing bits and characters. 
Calculation and checking of Parity and CRC error checking. 
Informing the processor when and what action needs to be taken. 


Interfacing with the outside world over discrete modem control 
lines. 


The MPSC? can be logically divided into the following functional 
groups (Figure G-4.1): 


Two identical serial |/O controller channels, each consisting 

of a Transmitter section and a Receiver section, and a common 
Processor Interface that connects the MPSC? with the host 
processor and provides overall device control. 


gure G-4.7 Block Diagram 
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The MPSC? Transmitter performs all the functions necessary to 
convert parallel data to the appropriate serial bit streams required by 
various protocols. The major components of the transmitter are shown 
in Figure G-4.2. Control and status register fields pertinent to the 
operation of the transmitter are summarized in Table G-4.1. 


The primary data flow through the transmitter begins at the internal 
data bus. There, characters written to the MPSC? are placed in the 
buffer register. When any character present in the shift register has 
been transferred out, or if the shift register is empty, the contents of 
the buffer register are transferred to the shift register and output with 
the least significant bit first. Then, a Transmitter Buffer Becoming 
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Empty indication (flag) is given. This double buffering allows the 
processor one full character time from this flag to respond with the 
next character without interrupting data transmission. You should note 
that it is the transfer of a character from the data buffer to the shift 
register rather than the empty condition itself that causes the 
Transmitter Buffer Becoming Empty indication. At initialization or after 
a Reset Transmitter Interrupt/ DMA Pending Command is issued to 
control register 0 (CRO) you must write one character to the buffer to 
reset this flag. The Transmitter Buffer Empty bit in status register 0 
(SRO), always reflects the presence or absence of a character in the 
buffer. 


After a hardware or software reset, the transmitter data output (TxD) 
is in high (marking) state. You can pull TxD low (spacing) any time by 
setting the Send Break bit (CR5 bit 4). TxD remains low until the 
Send Break bit is reset and any data currently being transmitted is 
destroyed. 


G-4.2 Block Diagram MPSC? Transmitter 
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Table G-4.1 Transmitter Control and Status Registers 
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You can change the number of bits transmitted for each character at 
any time by modifying the bits/char field (CR5, D;-Ds) before you load 
the character into the buffer. 


The rate at which data is shifted out is determined by the transmitter 
clock input (TxC) and the clock mode field (CR4 Bits 6-7). You can 
select a clock divisor so that the data clock (TxC) rate is equal to 1x, 
16x, 32x, or 64x the actual data rate. This field also controls the 
receiver clock and must be set to 1x for synchronous modes (see 
Section G-4.2.2 for use in asynchronous mode). Each new bit is 
shifted out on the falling edge of TxC. 


The following is a general discussion of the operation of the MPSC? in 
various protocol modes. For a detailed description of the registers and 
examples, see Chapter G-5. 


After you select asynchronous mode, initialize the various parameters 
(number of bits/character, number of stop bits, etc.) and enable the 
transmitter (CR5 bit 3 = 1). TxD remains in the high (marking) state. 
When the first character is written to the data buffer, it is transferred 
to the shift register and the Transmitter Buffer Becoming Empty flag is 
set. A parity bit, if enabled, and the specified number of stop bits 

(1, 1% or 2) are appended to the character. The character plus the 
start bit are shifted out serially through a one-bit delay. After the 
character has been completely sent, the next character is loaded into 
the shift register and the process continues. When no more 
characters are available, TxD remains high and the All Async 
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Characters Sent flag (SR1 bit 0) is set until the next character is 
loaded. The transmitter may be disabled at any time (CR5 bit 3 = 0); 
however, transmission of the character currently being sent, if any, is 
completed. Disabling the transmitter does not reset the Transmitter 
Buffer Becoming Empty flag or any resultant interrupts or DMA 
requests. You can clear this flag either by writing a character to the 
data buffer for later transmission or by issuing a Reset Transmitter 
Interrupt/ DMA Pending Command. 


The modem control output RTS (Request To Send) may be set or 
reset at any time with CR5 bit 1. RTS immediately goes to the active 
state (low) when this bit is set. When reset, RTS does not go high 
until the shift register and the data buffer are empty. 


The function of the modem control input, CTS (Clear To Send), 
depends upon the Auto Enables Control (CR3 bit 5). When Auto 
Enables is reset, any transition of CTS sets the External/Status 
Change flag but has no affect upon transmission. When Auto Enables 
is set, character transmission cannot begin until CTS goes low. If CTS 
goes high, any character currently being transmitted is completed and 
the transmitter is then disabled until CTS again goes low. The CTS 
flag, SRO bit 5, reflects the inverted state of the external CTS pins, 
that is, CTS flag = 1 when CTS = low. 


The MPSC? gives you three distinct COP operating modes: monosync 
(8-bit sync character), bisync (16-bit sync character), and external 
sync (the transmitter operates in the same manner as Monosync). 
When bisync mode is selected, you should program the eight least 
significant bits (first byte) of the sync character into CR6 and the 
eight most significant bits (second byte) into CR7. For monosync and 
external sync modes you should program CR6 with the 8-bit sync 
Character. 


During operation in COP modes, the MPSC? transmitter may be in any 
one of the following phases: 


Disabled Phase: Transmitter Enable is off (CR5, D3=0) or CTS is 
low when the auto enables function is used: 

Idle Phase: Sync characters are being sent; 

Data Phase: Data from the processor is being transmitted; 

CRC Phase: (lf CRC is used) when the CRC check 


characters are being transmitted. 


After selecting the desired protocol and initializing parameters, the 
transmitter enters and remains in the Disabled Phase, with TxD high 
until the Transmitter Enable bit is set. Once this is done the 
transmitter enters the Idle Phase, transmits the first sync character 
and continues to send sync characters until a character is written into 
the transmit buffer. When the first data character is loaded into the 
data buffer and the current sync character has been sent, the 
trasnmitter enters Data Phase and sends data characters while 
setting the Transmitter Buffer Becoming Empty flag each time it is 
ready for the next character. 


G-4.1.3 SDLC (/HDLC 
BOP Synchronous) 
Mode 


During the Data Phase, the transmitter may run out of data to send 
for one of two reasons: (1) The processor is busy and is not able to 
provide the next data characters within a message, or (2) the data 
portion of the message is complete and it is time to enter the CRC 
Phase (or the Idle Phase if CRC is not used). The MPSC? 
automatically handles both of these conditions through a mechanism 
called the Idle/CRC Latch, the state of which may be read from 
SRO Dg. 


When the transmitter is initialized the Idle/CRC Latch is set, indicating 
that the transmitter will enter the Idle Phase and begin sending sync 
characters when there is no data to send. Entering this phase also 
sets the Transmitter Buffer Becoming Empty flag (if not already set) to 
indicate with SRO D, = 1, that the Idle Phase has been entered. 


However, if you reset the Idle/CRC Latch with a Reset Idle/CRC 
Latch command to CRO, a lack of data causes the MPSC? to enter 
the CRC Phase and begin sending the 16-bit CRC character 
calculated up to that point. Entering the CRC Phase sets the 
Idle/CRC Latch which, in turn, sets the External/Status Change flag 
indicating that the MPSC2 is sending CRC. After you reset the flag, 
you may send the next data character to the transmitter and it will be 
sent immediately following the CRC, or you may do nothing. In either 
case, the Idle/CRC Latch is now set again so the transmitter enters 
the Idle Phase when no further data is available. 


You can disable the transmitter during any phase of operation. If the 
transmitter is disabled during the Idle or Data Phases the MPSC? 
finishes sending the current character and goes to the Disabled 
Phase (TxD high). If disabled during the CRC Phase, a 16-bit CRC is 
sent; however, the remainder of the CRC is supplanted by sync with 
bit positions matching. 


The CRC Generator may be programmed to either of two polynomials, 
CRC-16 (x! + x!8 + x2 + 1) or CRC-CCITT (x'® + x!? + x6 + 1). The 
CRC Generator may be reset to 0 at any time by issuing a Reset 
CRC Generator Command to CRO. Since it is sometimes necessary 
to exclude certain characters from the CRC calculation, the MPSC? 
features a CRC enable/disable control (CR5 Dy) that may be 
changed just prior to loading a character into the transmitter buffer to 
include or exclude that and subsequent characters in the CRC 
calculation. 


In SDLC mode, the MPSC? transmitter operates similarly to monosync 
transmission with the following exceptions: 


WR6 is not used for the transmitter sync character. SDLC flags (sync) 
are generated internally. 


Data and CRC are passed through zero insertion logic before 
transmission. This logic inserts a O bit after transmitting five 
contiguous ones to distinguish information from framing flags. 


A special Send SDLC Abort Command is available in CRO. Issuing 
this command causes at least 8 but less than 14 ones to be 


141 


G-4.2 RECEIVER 


142 


transmitted, destroying any data in the transmitter shift register and 
buffer. After sending the abort, the transmitter enters Idle Phase. 


Resetting the CRC generator initializes it to all ones rather than 
zeroes and the result bits are inverted before transmission. 


The MPSC? receiver reverses the process performed by the 
transmitter. It converts the serial data stream of the various protocols 
back to parallel data for the processor. The major components of the 
receiver are shown in Figure G-4.4. Control and status registers 
pertinent to the operation of the receiver are summarized in Table 
G-4.2. 


The primary data path through the receiver begins at the receiver 
data input RxD. Data passes through a two-bit time delay and into the 
receiver shift register (the sync data path is described later). The 
point of entry into the shift register and hence the number of bits per 
character is determined by the mode of operation and the 
Bits/Character field of CR3 (D.-D;). You can change this field at any 
time provided that the character that is currently being assembled has 
not yet reached the new number of bits/character. If the number of 
bits/character specified is less than eight, the character appears 
right-justified in the data buffer (with the parity bit, if parity is enabled) 
and the left side is filled with ones (see Figure G-4.3). 


Figure G-4.3 Data Format Example for Less Than 8 
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Once the character has been assembled in the shift register, it is 
passed to a three-character First In-First Out buffer (FIFO) and the 
Received Character Available flag (and SRO D,) is set to inform the 
processor that a character is available. The three-character buffer 
allows the processor up to four character times to service the 
receiver without losing data. This feature enhances data reliability at 
high speeds while relaxing software timing requirements. The 
Received Character Available flag is reset when all characters in the 
buffer have been read, i.e., the buffer is empty. 


As each character is transferred to the buffer, it is checked for errors 
or special conditions and that information is placed in a parallel FIFO 
error buffer so that the status associated with each character can be 
read with that character through status register 1. Reading a 
character from the data buffer moves the next character and its 
status to the top of the FIFO. You should read the status first, if it is 
of interest, and then the data. 


The rate at which data is shifted into the receiver is controlled by the 
receiver clock input (RxC) and the clock mode field (CR4 D,.-D;). This 
field also controls the transmitter clock mode. In any of the 
synchronous modes, you must select the 1x clock mode. In 
asynchronous mode you may select a divisor such that clock rate 
(RxC) equals 1x, 16x, 32x, or 64x the actual data rate. However, if 
you select the 1x mode, the clock must be externally synchronized 
with the data (see Section G-4.1.3). RxD is always sampled on the 
rising edge of RxC. 


The data carrier detect (DCD) input works the same way as CTS 
except that it enables the receiver when auto enables is set. 


After initializing and enabling the MPSC? Receiver, the receiver logic 
begins sampling the RxD input for a high-to-low (marking-to-spacing) 
transition on each rising edge of RxC. When the transition is found, 
the receiver waits \ bit time, (for example, eight clock periods if the 
clock mode is 16x) and samples again to ensure that RxD is still low, 
improving the MPSC?’s noise immunity. If RxD is still low, the MPSC2 
assumes this is the middle of the start bit and one bit time later 
begins to sample RxD to assemble the required number of data and 
parity (if enabled) bits. 


Once the character is assembled, the MPSC? waits one more bit time 
and again samples RxD. If RxD is not high, the stop bit is missing 
and a Framing Error is indicated when the character is passed to the 
data buffer. If a Framing Error has occurred, the MPSC? receiver waits 
% bit time before beginning to sample again to avoid interpreting the 
Framing Error as a new start bit. 


Note that in the 1x Clock mode, the receiver simply waits one clock 
period after the first high-to-low transition is detected and then begins 
assembling the character. It is for this reason that data and clock 
must be synchronized in this mode. 


The Break/Abort bit, D,; of SRO is set when a null character plus 
Framing Error is detected (i.e. RxD is low for more than one full 
character time). Break detection also sets the External/Status Change 
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flag. When RxD returns high and the break has ended, D, is reset to 
0 and the External Status Change flag is once again set. After the 
break, a single null character is present in the data buffer. It should 
be read and discarded. 


The following errors may occur during operation and are flagged in 
status register 1. 


Framing Error See above discussion. 


Parity Error lf parity is enabled and a parity error occurs, the 
Parity Error bit D, is set. Once a Parity Error has 
occurred, the Parity Error bit remains set for 
subsequent characters until reset by an Error 
Reset command to CRO. You need only check 
the end of a message or block to determine if a 
parity error occurred. 


Overrun Error lf the data buffer is full with three characters 
and a fourth character is received, the last 
character in the buffer is overwritten and the 
Overrun Error bit Ds is set. Like Parity Error, 
Overrun Error remains set until the Error Reset 
command is issued. 


The MPSC? gives you three distinct COP operating modes: (1) 
monosync (8-bit sync character), (2) bisyne (16-bit character), and (3) 
external sync (the SYNC pin is used as an input to inform the MPSC? 
that synchronization has been achieved externally). 


When monosync mode is selected, CR7 should be programmed with 
the 8-bit sync character to be matched by the receiver. 


In bisync mode CR6 should contain the least significant bits (first 
byte) and CR7 should contain the most significant bits (second byte) 
of the 16-bit character to be matched. 


In external sync mode, no sync character is required by the receiver. 
During operation in the COP modes, the MPSC? receiver is in one of 
two phases: (1) Syne Hunt Phase or (2) Data Phase. The receiver 
automatically enters Sync Hunt Phase when it is enabled (CR, D,). 


In monosynce mode, the incoming data stream passes through and is 
compared to the sync character in CR7. When a match is found, the 
receiver switches to Data Phase and begins to pass data to the shift 
register. If you determine at any time that synchronization has been 
lost, you may re-enter the Sync Hunt Phase by setting the Enter Hunt 
Phase bit (D,) in CR3. When the Hunt Phase is entered or left, the 
External/Status Change flag is set. When SRO D, (Sync/Hunt) = one, 
it indicates that the receiver is in Hunt Phase. 


Operation is similar in bisync mode, however, when a match is found, 
CR6 is also checked against the shift register contents and the Hunt 
Phase is left only if the bytes match. In both monosync and bisync 
modes, the SYNC pin is used as an output which goes momentarily 
low any time a sync pattern is detected whether the receiver is in 
Hunt or Data Phase. See Figure G-2.3 for a detailed timing diagram. 
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You can inhibit the transfer of sync characters to the data register by 
setting the Sync Char Load Inhibit bit (CR3, D,). Since the CRC 
calculation on sync is not inhibited by this bit, you should use it only 
to strip leading sync characters from a message if you are using 
CRC Block Check. 


Because of the 8-bit delay between the shift register and the CRC 
checker, CRC status (SR1, Dg) is not valid immediately after the CRC 
character is received. CRC status is valid 16 bit times after the last 
CRC character is transferred to the receive buffer, or 20 bit times 
after the last CRC bit is shifted in at RxD. 


The MPSC? provides you with high-level processing capability for 
handling bit-oriented protocols. When you select SDLC Mode, CR7 
must be programmed with the SDLC Flag character 01111110. 


When operating in SDLC mode, the receiver can be in one of three 
phases: Hunt Phase, Address Search Phase, or Data Phase. 


The receiver automatically enters Hunt Phase when first enabled. The 
incoming data stream passes through the one-bit delay and enters 
the Sync Comparison/Zero Deletion logic where the following three 
operations are performed. 


First, whenever a 0 bit follows five consecutive ones, that 0 is deleted 
from the data stream. Second, if six consecutive ones are received, a 
Flag Character Received indication is given internally. Third, if eight or 
more ones are received, an abort is indicated and the External/Status 
Change Flag is set. Flags and aborts are not transferred to the 
receiver shift register. 


Once a flag is detected, the receiver leaves Hunt Phase (setting the 
External/Status Change Flag) and, if Address Search Mode (CR3-D,) 
is enabled, it enters Address Search Phase. Once this phase is 
entered, the MPSC? receiver compares the first 8-bit non-flag 
character with the contents of control register 6. If the two values 
match, or the received character is the global address 11111111, the 
receiver immediately enters Data Phase and character assembly 
begins with this character. If no match is found and the value is not 
the global address, the receiver remains in Address Search Phase 
and no data characters are assembled until a flag followed by the 
correct address is encountered. If Address search Mode is not 
enabled, Data Phase is entered immediately and character assembly 
begins with the first non-flag character. Since all messages are 
framed with flag characters, you can skip an incoming message at 
any time simply by setting the Enter Hunt Phase bit (D,) in CR3. 


Once in Data Phase, characters are assembled according to the 
number of bits or characters specified until the next End of Frame 
flag is encountered. The receiver then sets the Special Receive 
Condition flag and transfers the character currently being assembled 
to the receiver buffer regardless of the number of bits actually 
assembled. A special residue code placed in the status buffer (SR1) 
uses the number of bits assembled to indicate the boundary between 
the data and CRC characters (see Section G-5.1 for a more detailed 


description of the residue code). If Address Search Mode is enabled, 
the receiver once again enters Address Search Phase. 


Unlike the COP mode of operation, data from the Sync 
Comparison/Zero Deletion logic passes directly to the CRC checker. 
As a result, when the End of Frame Flag is detected, the CRC 
calculation is complete and the error status is passed to the status 
buffer along with the residue code. The CRC checker is automatically 
reset to all ones at this time. 


G-4.3 BUS The bus interface controller is the interface between the transmitter 
INTERFACE and receiver sections and the processor bus. The major components 
CONTROLLER of this section are shown in Figure G-4.5. The control and status 


registers pertinent to the operation of the control section are 
illustrated in Table G-4.4. 


The bus interface controller can be divided into four major 
components: 


Bus Control Logic 

Interrupt Control Logic 

DMA Control Logic 

Clock and Reset Control Logic 


All of these components interact to provide a flexible high- 
performance interface between the bus architecture defined by your 
processor and application and the various internal elements that 
make up the MPSC? 


G-4.3.1 Bus Control The bus control logic determines the direction and internal source or 

Logic destination of data and control transfers between the MPSC? and the 
processor bus. During operation of the MPSC?, the bus control logic 
may operate in any of three distinct modes: Processor Read/Write, 
Interrupt Acknowledge, and DMA Cycle. These last two modes are 
described in detail in Sections G-4.3.2 and G-4.3.3. 


Processor Read/Write mode is the normal mode of operation. The 
processor transfers data or commands and status to or from the 
MPSC? with its instruction set. The MPSC? is enabled for Processor 
Read/Write mode when the chip select (CS) input is made active 
(low). The direction of the transfer is controlled by enabling either the 
read (RD) or write (WR) inputs. The B/A input determines the 
source/ destination channel for the transfer and the C/D input 
specifies whether the transfer is character data or control/status 
information. These inputs are generally connected to the two low- 
order address lines. Figure 6.1 illustrates a typical connection 
between a processor and the MPSC?. 
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Table G-4.5 Read/Write Selection 


cS BAA c/D RD WR OPERATION 
NO OPERATION. THE MPSC2 IS DESELECTED. 
NO OPERATION. THE MPSC2 IS DESELECTED. 


WRITE A CHAR TO CHANNEL A TRANSMITTER. 
READ A CHAR FROM CHANNEL A RECIVER. 
WRITE A CONTROL BYTE TO CHANNEL A. 
READ A STATUS BYTE FROM CHANNEL A, 
WRITE A CHAR TO CHANNEL B TRANSMITTER. 
READ A CHAR FROM CHANNEL B RECEIVER. 
WRITE A CONTROL BYTE TO CHANNEL B. 
READ A STATUS BYTE FROM CHANNEL B. 
ILLEGAL. 
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G-4.3.2 Interrupt The interrupt control logic performs two functions: it prioritizes various 

Control Logic internal input requests, and places the appropriate information on the 
data bus during an Interrupt Acknowledge cycle (if you enabled the 
MPSC?s vectored interrupt feature). 


Figure G-4.5 Bus Interface Controller 
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Each MSPC2 channel can generate four different types of interrupt 
requests: 


Received Character Available 


Special Received Condition (character received but with an error or 
SDLC End of Frame flag received) 


Transmitter Buffer Empty 


External input (CTS, DCD, SYNC, Internal Status (Sync,Idle/CRC 
Latch) Change) 


When any of these requests occurs, the interrupt control logic 
determines whether to accept the request at that time, issue an 
interrupt request by setting the INT output low when the request is 
accepted, and, if Vectored Interrupt mode is enabled, place the 
interrupt information on the data bus during the times that the 
interrupt acknowledge input (INTA) is activated by the processor. 


As an example, assume that the channel A DCD input has just 
changed state causing an External/Status Change interrupt request. 
The following sequence occurs: 


If all the following conditions are true: 
External/Status Change interrupts are enabled 
No higher priority interrupt requests are pending 
PRI is active 


The MPSC? is not acknowledging a pending lower priority interrupt 
request 


Then the interrupt control logic accepts the interrupt request and sets 
INT active and PRO inactive. 


lf Vectored Interrupt mode is enabled, the MPSC* may place 


information on the data bus in response to a series of INTA pulses as 
shown in the following chart. 
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interrupt 
Mode Select 


8080/5 Master 
CD HEX (GALL OP) 


8086 . 
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*The 8088 issues 2 Interrupt Acknowledge pulses rather than 3. 


When operating in the 8080/5 modes, the MPSC? issues an 8080- 
type CALL CD vv Hex instruction where vv is the contents of control 
register 2B (modified by the cause of the interrupt if the Status 
Affects Vector feature is enabled). In particular, an MPSC? 
programmed for 8085 Master mode always places the CALL opcode 
on the data bus regardless of whether that MPSC? has a pending 
interrupt request. To avoid problems caused by momentary bus 
contention, you should never program more than one device to 
operate in this mode. 


In 8086 mode, the MPSC? places the vector on the data bus during 
the second interrupt acknowledge to vector the processor to the 
approximate location in low memory. 


Figure G-4.6 MPSC Interrupt Conditions 
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Figure G-4.,7 illustrates the action of the interrupt control logic during 
an interrupt acknowledge sequence. 


2 G-4.7 Interrupt Timing 
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At the beginning of the first Interrupt Acknowledge cycle, the interrupt 
prioritization logic is frozen to permit any late interrupt requests by 
higher priority devices to ripple through and resolve internal priorities 
before the second interrupt pulse. 


At the end of the second INTA pulse, the INT output is released by 
the acknowledging device and the interrupt prioritization logic is re- 
enabled with an Interrupt In Service flag set. As long as this flag is 
set, PRO is held high and only internal interrupt requests with a 
priority higher than the one currently being serviced are accepted. 


While the interrupt is being serviced, the processor issues an End of 
Interrupt (EOI) command to the MPSC? to reset the interrupt control 
logic to its previous state. This scheme permits nested interrupts to 
be serviced and the priority daisy chain to be properly maintained. 


When the MPSC? is operated in Non-vectored Interrupt mode, the 
interrupt control logic operates in a similar manner except that INTA 
is not used and no vector information is placed on the data bus. 
Rather, the interrupt acknowledge sequence is simulated by reading 
the vector (modified if Status Affects Vector is enabled) in status 
register 2B. 
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The function of the DMA logic is somewhat similar to that of the 
interrupt control logic in that service requests must be accepted, 
prioritized, and information placed on (or, in this case, accepted from 
as well) the data bus at the appropriate times. However, the purpose 
of the DMA control logic is to enable the MPSC? to avoid interrupting 
the processor to make a data transfer. This is accomplished by 
activating an external controller to move the data directly from the 
MPSC? to memory, or vice versa. 


The DMA control logic accepts requests from four sources: (1) 
Received Data Available in channel A, (2) Transmitter Buffer 
Becoming Empty in channel A., (3) Data Available in channel B, and 
(4) Transmitter Buffer Becoming Empty in channel B. When an 
internal DMA request is made by one of the above sources and DMA 
mode is enabled for that channel, the appropriate DMA request output 
(e.g. DRQRxA when received data is available in channel A) is made 
active. This causes the external DMA controller to request control of 
the processor bus with a hold request. The MPSC?’s daisy chain 
output, HAO, is at this point locked in the inactive (high) state. 


Some time later, the external DMA controller gains control of the 
processor bus as the processor asserts its hold acknowledge output. 


The DMA Controller now places the source or destination address on 
the address bus and asserts the I/O read or write control line for a 
data transfer from or to the MPSC?, respectively. The MPSC? also 
receives the processor hold acknowledge signal possibly through 
higher priority MPSC?s not requesting DMA, at its HAI input. When 
HAI is asserted, the DMA control logic freezes all internal requests, 
determines which one has the highest priority, and performs the 
transfer when |/O read or write is received from the DMA controller 
at RD or WR. Once the transfer is complete, the prioritization logic is 
re-enabled and new or pending requests can be serviced. Figure G- 
48 illustrates some of the timing details of a DMA transfer. 
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From the above explanation you should note two points. First, in the 
case of multiple DMA requests from one MPSC?, both the MPSC? and 
the external DMA controller establish priorities independently to 
determine which request to service first. As a result, you MUST 
connect the MPSC?'s DMA request outputs to the DMA controller so 
that both make the same priority decisions. For example, when using 
the MPSC2 with an 8257-type DMA controller and the priority bit 
(CR2A-D.) = 0, you must set the controller to the fixed priority mode 
(as Opposed to rotating priority), and connect the MPSC?s DRQRxA 
output to the 8257’s DRQ 0 input, DRQTxA to DRQ 1, and so on. 


The second point is that many DMA controllers, such as the 8257, 
may begin the transfer by asserting RD or WR before the MPSC? can 
receive HAI through the daisy chain and resolve request priorities. 
Because of this, you should always derive HLDA to the DMA 
Controller from HAI of the MPSC?(s) to which it is connected. 
Additionally, a delay circuit from HAI to HLDA is recommended. 
Figure G-6.5 shows a typical MPSC?/DMA interface which conforms 
to these points. 


The mechanism that controls the WAIT outputs of the MPSC? is 
related to the DMA logic. When enabled, the wait logic pulls the WAIT 
line active when the processor attempts to perform a data transfer 
operation at an inappropriate time. If WAIT is connected to the 
processor's WAIT (or READY) input, it waits until the line is released 
by the MPSC2 before completing the data transfer. Since the 
processor is dedicated to either a read or write operation at any one 
time, only one WAIT output is required for each channel. You may 
assign it to operate with either the transmitter or the receiver. Figure 
G-49 illustrates the basic wait feature timing. 


9 Wait Mode Timing 
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G-4.3.4 Clock and 
Reset Control Logic 


G-5 PROGRAMMING 
THE MPSC? 


G-5.1 THE MPSC? 
REGISTERS 


154 


The clock input of the MPSC? controls the various timing states of the 
MPSC? and is usually connected to the processor clock. The clock is 
not used by the bus control logic and data transfers need not be 
synchronized to it in any way. The receiver and transmitter sections 
use the clock, and it must be at least 4.5x the highest data clock 
frequency you plan to use. The DMA control logic also uses the 
clock, and it should be the same clock seen by the external DMA 
Controller. 


The RESET input is used at power-up and at any other time that you 
wish to reset the MPSC? to its initial state. After a reset, all 
transmitters and receivers are disabled, any pending interrupt and 
DMA requests are cleared, and the modem control outputs DTR and 
RTS are reset (high). When you reset the MPSC?, you must hold the 
RESET input low for at least one complete clock cycle. 


The software operation of the MPSC? is very straightforward. Its 
consistent register organization and high-level command structure 
help to minimize the number of operations required to implement 
complex protocol designs. Programming is further simplified by the 
MPSC?s extensive interrupt and status reporting capabilities. 


This section is divided into two parts. The first is a detailed 
description of the commands, bits, and fields in the various MPSC? 
control and status registers. The second part provides programming 
examples and flowcharts for the MPSC?’s various operating modes to 
assist you in developing software for your specific application. 


The MPSC? interfaces to the system software with a number of 
control and status registers associated with each channel. Commonly 
used commands and status bits are accessed directly through control 
and status registers 0. Other functions are accessed indirectly with a 
register pointer to minimize the address space that must be dedicated 
to the MPSC?. 


| Control Registers 


CONTROL 

REGISTER FUNCTION 
FREQUENTLY USED COMMANDS AND REGISTER POINTER CONTROL 
INTERRUPT CONTROL 


ea PROCESSOR/BUS INTERFACE CONTROL 
| 3 | —_s&RECEIVER CONTROL 


MODE CONTROL 
TRANSMITTER CONTROL 
SYNC/ADDRESS CHARACTER 


SYNC CHARACTER 


G-5.1.1 Control 
Register 0 


FUNCTION 


BUFFER AND “EXTERNAL/STATUS” STATUS 
RECEIVED CHARACTER ERROR AND SPECIAL CONDITION STATUS 


INTERRUPT VECTOR 


All control and status registers except CR2 are separately maintained 


for each channel. Control and status registers 2 are linked with the 


overall operation of the MPSC? and have different meanings when 
addressed through different channels. 


When initializing the MPSC?, control register 2A (and 2B if desired) 


should be programmed first to establish the MPSC? processor/bus 
interface mode. You may then program each channel to be used 
separately, beginning with control register 4 to set the protocol mode 
for that channel. The remaining registers may then be programmed in 
any order. 


D7 06 Ds | 04 | D3 02 | Dy [ 90 


CRC CONTROL 
COMMAND 


COMMAND REGISTER POINTER 


Register Pointer (Do-Dz) 


The register pointer specifies which register number is accessed at 
the next Control Register Write or Status Register Read. After a 
hardware or software reset, the register pointer is set to 0. Therefore, 
the first control byte goes to control register 0. When the register 
pointer is set to a value other than 0, the next control or status 
(C/D= 1) access is to the specified register, after which the pointer is 
reset to 0. You can freely combine other commands in control register 
0 with setting the register pointer. 


Command (D3-Ds) 
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Commands commonly used during the operation of the MPSC? are 
grouped in control register 0. They are: 


Null (000) 


This command has no effect and is used when you wish to set only 
the register pointer or issue a CRC command. 


Send Abort (001) 


When operating in SDLC mode, this command causes the MPSC? to 
transmit the SDLC abort code, issuing 8 to 13 consecutive ones. Any 
data currently in the transmitter or the transmitter buffer is destroyed. 
After sending the abort, the transmitter reverts to the Idle Phase 
(flags). 


Reset External/Status Interrupts (010) 


When the External/Status Change flag is set, the condition bits Do-D, 
of status register O are latched to allow you to capture short pulses 
that may occur. The Reset External/Status Interrupts Command 
clears a pending interrupt and re-enables the latches so that new 
interrupts may be sensed. 


Channel Reset (011) 


This command has the same effect on a single channel as an 
external reset at pin 2. A channel reset command to channel A resets 
the internal interrupt prioritization logic. This does not occur when you 
issue a Channel Reset command to channel B. You must reinitialize 
all control registers associated with the channel that you reset. After a 
channel reset, you must wait at least four system clock cycles before 
writing new commands or controls to that channel. 


Enable Interrupt on Next Character (100) 


When operating the MPSC? in Interrupt on First Received Character 
mode, you may issue this command at any time (generally at the end 
of a message), to re-enable the interrupt logic for the next received 
character. 


Reset Pending Transmitter Interrupt/DMA Request (101) 


You can reset a pending Transmitter Buffer Becoming Empty interrupt 
or DMA request without sending another character by issuing this 
command (typically at the end of a message). A new Transmitter 
Buffer Becoming Empty interrupt or DMA request is not made until 
another character has been loaded and transferred to the transmitter 
shift register or when, if operating in synchronous or SDLC mode, the 
CRC character has been completely sent and the first sync or flag 
character loaded into the transmitter shift register. 


Error Reset (110) 


This command resets a Special Receive Condition interrupt. It also 
re-enables the Parity and Overrun Error latches that allow you to 


G-5.1.2 Control 
Register 1 


check for these errors at the end of a message. 

End of Interrupt (111)(Channel A only) 

Once an interrupt request has been issued by the MPSC?, all lower 
priority internal and external interrupts in the daisy chain are held off 
to permit the current interrupt to be serviced while allowing higher 
priority interrupts to occur. At some point in your interrupt service 
routine (generally at the end), you must issue the End of Interrupt 
command to channel A to re-enable the daisy chain and allow any 
pending lower priority internal interrupt requests to occur. 

CRC Control Commands (Dg.-D7) 


These commands control the operation of the CRC generator/ 
checker logic. 


Null (00) 


This command has no effect and is used when issuing other 
commands or setting the register pointer. 


Reset Receiver CRC Checker (01) 


This command resets the CRC checker to 0 when the channel is in a 
synchronous mode and resets to all ones when in SDLC mode. 


Reset Transmitter CRC Generator (10) 


This command resets the CRC generator to 0 when the channel is in 
a synchronous mode and resets to all ones when in SDLC mode. 


Reset Idle/CRC Latch (11) 


This command resets the Idle/CRC latch so that when a transmitter 
underrun condition occurs (that is, the transmitter has no more 
characters to send), the transmitter enters the CRC Phase of 
operation and begins to send the 16-bit CRC character calculated up 
to that point. The latch is then set so that if the underrun condition 
persists, idle characters are sent following the CRC. After a hardware 
or software reset, the latch is in the set state. 


WAIT ON 
RECEIVER 
RANSMITTER 


CONDITION | TRANSMITTER 
AFFECTS INTERRUPT 
VECTOR ENABLE 


RECEIVER 
INTERRUPT 
MODE 


EXT/STATUS 


FUNCTION INT ENABLE 


ENABLE 


External/Status Interrupt Enable (Do) 
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When this bit is set to one, the MPSC? issues an interrupt whenever 
any of the following occur: 


transition of DCD input 
transition of CTS input 
transition of SYNC input 


entering or leaving synchronous Hunt Phase break detection or 
termination 


SDLC abort detection or termination 
Idle/CRC latch becoming set (CRC being sent) 


Transmitter Interrupt Enable (D,) 
When this bit is set to one, the MPSC? issues an interrupt when: 


the character currently in the transmitter buffer is transferred to the 
shift register (Transmitter Buffer Becoming Empty) or, 


the transmitter enters Idle Phase and begins transmitting sync or 
flag characters. 


Status Affects Vector (D5) 


When this bit is set to 0, the fixed vector programmed in CR2B during 
MPSC? initialization is returned in an interrupt acknowledge sequence. 
When this bit is set to 1, the vector is modified to reflect the condition 
that caused the interrupt. See Section G-5.1.12 for a detailed 
explanation of the MPSC?’s vectored interrupt feature. 


Receiver Interrupt Mode (D3-D,) 


This field controls how the MPSC?’s interrupt/DMA logic handles the 
character received condition. 


Receiver Interrupts/DMA Request Disabled (00) 


The MPSC? does not issue an interrupt or a DMA request when a 
character has been received. 


Interrupt on First Received Character Only (01) 
(and issue a DMA Request) 


In this mode, the MPSC? issues an interrupt only for the first 
character received after an Enable Interrupt on First Character 
Command (CRO) has been given. If the channel is in DMA mode, a 
DMA request is issued for each character received including the first. 
This mode is generally used when using the MPSC? in DMA or Block 
Transfer mode to signal the processor that the beginning of an 
incoming message has been received. 


Interrupt (and issue a DMA Request) (10) 


On All Received Characters 
Parity Error is a Special Receive Condition 


G-5.1.3 Control 
Register 2 
(Channel A) 


In this mode, an interrupt (and DMA request if DMA mode is 
selected) is issued whenever there is a character present in the 
receiver buffer. A parity error is considered a special receive 
condition. 


Interrupt (and issue a DMA request) (11) 


On All Received Characters 
Parity Error is not a Special Receive Condition 


This mode is the same as above except that a parity error is not 
considered a special receive condition. The following are considered 
special receive conditions and, when status affects vector is enabled, 
cause an interrupt vector different from that caused by a received 
character available condition: 


Receiver Overrun Error 
Parity Error (if specified) 
SDLC End of Message (final flag received) 


Wait on Receiver/Transmitter (Ds) 


If the Wait function is enabled for block mode transfers, setting this bit 
to 0 causes the MPSC? to issue a wait (WAIT output goes low) when 
the processor attempts to write a character to the transmitter while 
the transmitter buffer is full. Setting this bit to 1 causes the MPSC? to 
issue a wait when the processor attempts to read a character from 
the receiver while the receiver buffer is empty. 


Wait Function Enable (D7) 


Setting this bit to 1 enables the wait function as described above and 
in Section 4.3.3, 


RS 


(Channel A) 
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es ae ae es ee 
___PIN 10 DMA MODE 
SYNGB/RTSB 6 INTERRUPT VECTOR MODE PRIORITY SELECT 


DMA Mode Select (D,-D;) 


Setting this field establishes whether channels A and B are used in 
DMA mode (i.e. data transfers are performed by a DMA controller) or 
in non-DMA mode where transfers are performed by the processor in 
either Polled, Interrupt, or Block Transfer modes. The functions of 
some MPSC? pins are also controlled by this field. 
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Pin Function 


Priority (D2) 


This bit allows you to select the relative priorities of the various 
interrupt and DMA conditions according to your application. 


Table G-5.4 DMA/Interrupt Priorities 


Mode DMA Priority Relation interrupt Priority Relation 
D2 CHA CHB 
t) — SSS RxA > TxA > RxB > TxB > ExTA > ExTB 
INT INT 
1 SS nie: RxA > RxB > TxA > TxB > ExTA > ExTB 
0 Nt RxA TxA RxA > RxB > TxB > ExTA > ExTB 
1 eis ; RxA TxA RxA > RxB > TxB > ExTA > ExTB 
0 RxA TxA RxB TxB RxA > RxB > ExTA > ExTB 
1 ome DMA RxA RxB TxA TxB RxA > RxB » ExTA > ExTB 


Interrupt Vector Mode (D,-Ds) 


This field determines how the MPSC? responds to an interrupt 
acknowledge sequence from the processor. See Section 4.3.2 for a 
detailed description of the MPSC? response in these modes. 
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Register 3 


Pin 10 SYNCB/RTSB Select (D,) 


Programming a 0 into this bit selects RTSB as the function of pin 10. 
A one selects SYNCB as the function. 


a 
& Control Register 2 (channel B) 
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G-Interrupt Vector (Dy-D,) 


When the MPSC? is used in Vectored Interrupt mode, the contents of 
this register are placed on the bus during the appropriate portion of 
the interrupt acknowledge sequence. Its value is modified if status 
affects vector is enabled. You can read the value of CR2B at any 
time. This feature is particularly useful in determining the cause of an 
interrupt when using the MPSC? in Non-vectored Interrupt mode. 


Figure G G-5.5 5 Control Register 3 
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Receiver Enable (D,) 


After the channel has been completely initialized, setting this bit to 1 
allows the receiver to begin operation. You may set this bit to O at 
any time to disable the receiver. 


Sync Character Load Inhibit (D,) 


In a synchronous mode, this bit inhibits the transfer of sync 
characters to the receiver buffer, thus performing a “sync stripping” 
operation. When using the MPSC?’s CRC checking ability, you should 
use this feature only to strip leading sync characters preceding a 
message since the load inhibit does not exclude sync characters 
embedded in the message from the CRC calculation. Synchronous 
protocols using other types of block checking such as checksum or 
LRC are free to strip embedded sync characters with this bit. 


Address Search Mode (D2) 
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In SDLC Mode, setting this bit places the MPSC? in Address Search 
mode where character assembly does not begin until the 8-bit 
character (secondary address field) following the starting flag of a 
message matches either the address programmed into CR6 or the 
global address 11111111. 


Receiver CRC Enable (D,) 


This bit enables and disables (1 = enable) the CRC checker in COP 
mode to allow you to selectively include or exclude characters from 
the CRC calculation. The MPSC? features a one-character delay 
between the receiver shift register and the CRC checker so that the 
enabling or disabling takes effect with the last charcter transferred 
from the shift register to the receiver buffer. Therefore, you have one 
full character time in which to read the character and decide whether 
it should be included in the CRC calculation. 


Enter Hunt Phase (D,) 


Although the MPSC? receiver automatically enters Sync Hunt Phase 
after a reset, there are times when you may wish to reenter it, such 
as when you have determined that synchronization has been lost or, 
in SDLC mode, to ignore the current incoming message. Writing a 1 
into this bit at any time after initialization causes the MPSC? to reenter 
Hunt Phase. 


Auto Enables (Ds) 


Setting this bit to 1 causes the DCD and CTS inputs to act as enable 
inputs to the receiver and transmitter, respectively. 


Number of Received Bits/Character (D,-D,) 


This field specifies the number of data bits assembled to make each 
character. 


You may change the value on the fly while a character is being 
assembled and if the change is made before the new number of bits 
has been reached, it affects that character. Otherwise the new 
specifications take effect on the next character received. 


Table G-5.6 Received Bits/Character 


0 tr) 5 
1 7 
0 6 
1 8 
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CLOCK RATE 


NUMBER OF STOP BITS PARITY PARITY 
SYNC MODE EVEN/ODD ENABLE 


SYNC MODE 


Parity Enable (D,) 


Setting this bit to 1 adds an extra data bit containing parity 
information to each transmitted character. Each received character is 
expected to contain this extra bit and the receiver parity checker is 
enabled. 


Parity Even/Odd (D,) 

Programming a 0 into this bit when parity is enabled causes the 
transmitted parity bit to take on the value required for odd parity. The 
received character is checked for odd parity. Conversely, a 1 in this 
bit signifies even parity generation and checking. 


Number of Stop Bits/Sync Mode (D.-Ds) 


This field specifies whether the channel is used in synchronous (or 
SDLC) mode or in asynchronous mode. In asynchronous mode, this 
field also specifies the number of bit times used as the stop bit length 
by the transmitter. The receiver always checks for one stop bit. 


SYNCHRONOUS MODES 

ASYNCHRONOUS 1 BIT TIME (1 STOP BIT) 
ASYNCHRONOUS 1% BIT TIMES (1% STOP BITS) 
ASYNCHRONOUS 2 BIT TIMES (2 STOP BITS) 


Sync Mode (D,-Ds) 
When the Stop Bits/Sync Mode field is programmed for synchronous 


modes D, D,; = 00), this field specifies the particular synchronous 
format to be used. This field is ignored in asynchronous mode. 
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Synchronous Formats 


re 


8-BIT INTERNAL SYNCHRONIZATION CHARACTER (MONOSYNC) 
16-B1T INTERNAL SYNCHRONIZATION CHARACTER (BISYNC) 


SDLC 
EXTERNAL SYNCHRONIZATION (SYNC PIN BECOMES AN INPUT) 


Clock Rate (D5-D;) 


This field specifies the relationship between the transmitter and 
receiver clock inputs (TxC, RxC) and the actual data rate at TxD and 
RxD. When operating in a synchronous mode you must specify a 1x 
clock rate. In asynchronous modes, any of the rates may be 
specified, however, with a 1x clock rate the receiver cannot determine 
the center of the start bit. In this mode, you must externally 
synchronize the sampling (rising) edge of RxC with the data. 


SISOS IER 


lock Rates 


9c 


CLOCK CLOCK 
RATE 1 RATE 2 


CLOCK RATE 


CLOCK RATE = 1x DATA RATE 


CLOCK RATE = 16x DATA RATE 
CLOCK RATE = 32x DATA RATE 
CLOCK RATE = 64x DATA RATE 


: : 


CRC 
POLYNOMIAL 
SELECT 


TRANSMITTER 
CRC ENABLE 


TRANSMITTER 
ENABLE 


NUMBER OF TRANSMITTED 
BITS/CHARACTER 


RTS 


Transmitter CRC Enable (Ds) 


A 1 or a0 enables or disables, respectively, CRC generator 
calculation. The enable or disable does not take effect until the next 
Character is transferred from the transmitter buffer to the shift register, 
thus allowing you to include or exclude specific characters from the 


CRC calculation. By setting or resetting this bit just before loading the 
next character, it and subsequent characters are included or 
excluded from the calculation. If this bit is 0 when the transmitter 
becomes empty, the MPSC? goes to the Idle Phase, regardless of the 
state of the Idle/CRC latch. 


RTS (D,) 


In synchronous and SDLC modes, setting this bit to 1 causes the 
RTS pin to go low while a 0 causes it to go high. In asynchronous 
mode, setting this bit to 0 does not cause RTS to go high until the 
transmitter is completely empty. This feature facilitates programming 
the MPSC? for use with asynchronous modems. 


CRC Polynomial Select (D2) 


This bit selects the polynomial used by the transmitter and receiver 
for CRC generation and checking. A 1 selects the CRC-16 polynomial 
(x'6 + x5 + x? + 1), AO selects the CRC-CCITT Polynomial 

(x'6 + x!2 + x5 + 1). In SDLC mode, you must select CRC-CCITT. You 
may use either polynomial in other synchronous modes. 


Transmitter Enable (D3) 


After a reset, the transmitted data output (TxD) is held high (marking) 
and the transmitter is disabled until this bit is set. 


In asynchronous mode, TxD remains high until data is loaded for 
transmission. 


In synchronous and SDLC modes, the MPSC? automatically enters 
Idle Phase and sends the programmed sync or flag characters. 


When the transmitter is disabled in asynchronous mode, any 
character currently being sent is completed before TxD returns to the 
marking state. 


lf you disable the transmitter during the Data Phase in synchronous 
mode, the current character is sent, then TxD goes high (marking). 


In SDLC mode, the current character is sent, but the marking line 
following is zero-inserted. That is, the lines goes low for one bit time 
out of every five. 


You should never disable the transmitter during the SDLC Data Phase 
unless a reset is to follow immediately. In either case, any 
character in the buffer register is held. 


Disabling the transmitter during the CRC Phase causes the 
remainder of the CRC character to be bit-substituted with sync 
(or flag). The total number of bits transmitted is correct and TxD 
goes high after they are sent. 


lf you disable the transmitter during the Idle Phase, the remainder 
of sync (flag) character is sent, then TxD goes high. 
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Send Break (D,) 


Setting this bit to 1 immediately forces the transmitter output 
(TxD) low (spacing). This function overrides the norma! transmitter 
output and destroys any data being transmitted although the 
transmitter is still in operation. Resetting this bit releases the 
transmiter output. 


Transmitted Bits/Character (Ds;-D,) 


This field controls the number of data bits transmitted in each 
character. You may change the number of bits/character by 
rewriting this field just before you load the first character to use 
the new specification. 


Table G-5.70 Transmitted Bits/Character 


TRANSMIT TRANSMIT 
BITS PER BITS PER 
CHARACTER 1 CHARACTER 


Normally each character is sent to the MPSC? right-justified and 

the unused bits are ignored. However, when sending five bits or 

less the data should be formatted as shown below to inform the MPSC? 
of the precise number of bits to be sent. 


i Transmitted Bits/Character for 5 Characters 
and Less 


NUMBER OF 8iTS/CHARACTER 


DTR (Data Terminal Ready) (D,) 


When this bit is 1, the DTR output is low (active). Conversely, 
when this bit is 0, DTR is high. 
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G-5.1.8 Control 
Register 6 


SYNC BYTE 1 


Sync Byte 1 (D,-D,) 


Sync byte 1 is used in the following modes: 


Monosync: 8-bit sync character transmitted during the 
Idle Phase 

Bisync: Least significant (first) 8 bits of the 16-bit 
transmit and receive sync character 

External Sync: Sync character transmitted during the Idle 
Phase 

SDLC: Secondary address value matched to 


Secondary Address field of the SDLC frame 
when the MPSC? is in Address Search Mode 


G-5.1.9 Control e 
Register 7 Figure G-5.9 Control Register 7 


SYNC BYTE 2 


Sync Byte 2 is used in the following modes: 


Monosync: 8-bit sync character matched by the 
Receiver 

Bisync: Most significant (second) 8 bits of the 16-bit 
transmit and receive sync characters 

SDLC: You must program the flag character, 


01111110, into control register 7 for flag 
matching by the MPSC? receiver 
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Figure G-5.10 Status Register 0 
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Received Character Available (D,) 


Transmitter 
Buffer 
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Interrupt aid 
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When this bit is set, it indicates that one or more characters are 
available in the receiver buffer for the processor to read. Once all 
of the available characters have been read, the MPSC? resets 
this bit until a new character is received. 


Interrupt Pending (D,-Channel A Only) 


The interrupt pending bit is used with the interrupt vector register 
(status register 2) to make it easier to determine the MPSC?’s 
interrupt status, particularly in Non-vectored Interrupt mode where 
the processor must poll each device to determine the interrupt 
source. In this mode, interrupt pending is set when you read 
status register 2B, the PRI input is active (low) and the MPSC? is 
requesting interrupt service. 


You need not analyze the status registers of both channels to 
determine if an interrupt is pending. If status affects vector is 

enabled and interrupt pending is set, the vector you read from 
SR2 contains valid condition information. 


In Vectored Interrupt mode, interrupt pending is set during the 
interrupt acknowledge cycle (on the leading edge of the 2nd 
INTA pulse) when the MPSC? is the highest priority device 
requesting interrupt service (PRI is active). In either mode, if there 
are no other pending interrupt requests, interrupt pending is reset 
when the End of Interrupt command is issued. 


Transmitter Buffer Empty (D.) 


This bit is set whenever the transmitter buffer is empty, except 
during the transmission of CRC (the MPSC? uses the buffer to 
facilitate this function). After a reset, the buffer is considered 
empty and transmit buffer empty is set. 


External/Status Flags 


The following status bits reflect the state of the various conditions 
that cause an external/status interrupt. The MPSC? latches all 
external/status bits whenever a change occurs that would cause 
an external/status interrupt (regardless of whether this interrupt is 
enabled). This allows you to capture transient status changes on 
these lines with relaxed software timing requirements (see 
Appendix A for detailed timing specifications). 


When you operate the MPSC? in interrupt-driven mode for 
external/status interrupts, you should read status register 0 when 
this interrupt occurs and issue a Reset External/Status Interrupt 
command to reenable the interrupt and the latches. To poll 

these bits without interrupts, you can issue the Reset 
External/Status Interrupt command to first update the status to 
reflect the current values. 


DCD (Ds) 


This bit reflects the inverted state of the DCD input. When DCD is 
low, the DCD status bit is high. Any transition on this bit causes an 
External/Status Interrupt request. 


Sync Status (D4) 


The meaning of this bit depends on the operating mode of the 
MPSC,. 


Asynchronous mode: Sync status reflects the inverted state of the 
SYNC input. When SYNC is low, sync status is high. Any transition on 
this bit causes an External/Status Interrupt request. 


External Synchronization mode: sync status operates in the same 
manner as asynchronous mode. The MPSC?s receiver 
synchronization logic is also tied to the sync status bit in external 
synchronization mode and a low-to-high transition (SYNC input going 
low) informs the receiver that synchronization has been achieved and 
character assembly begins (see Appendix A for detailed timing 
information). 


A low-to-high transition on the SYNC input indicates that 
synchronization has been lost and is reflected both in sync status 
becoming zero and the generation of an External/Status interrupt. The 
receiver remains in Receive Data Phase until you set the Enter Hunt 
Phase bit in Control Register 3. 


Monosync, Bisync, SDLC modes: In these modes, sync status 
indicates whether the MPSC? receiver is in the Sync Hunt or Receive 
Data Phase of operation. A 0 indicates that the MPSC? is in the 
Receive Data Phase and a one indicates that the MPSC? is in the 
Sync Hunt Phase, as after a reset or setting the Enter Sync Hunt 
Phase bit. As in the other modes, a transition on this bit causes an 
External/Status interrupt to be issued. You should note that entering 
Sync Hunt Phase after either a reset or when programmed causes an 
External/Status Interrupt request which you may clear immediately 
with a Reset External/Status Interrupt command. 


CTS (Ds) 

This bit reflects the inverted state of the CTS input. When CTS is low, 
the CTS status bit is high. Any transition on this bit causes an 
External/Status Interrupt request. 


Idle/CRC (Dg) 
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This bit indicates the state of the Idle/CRC latch used in synchronous 
and SDLC modes. After reset this bit is 1, indicating that when the 
transmitter is completely empty, the MPSC? enters Idle Phase and 
automatically transmits sync or flag characters. 


A zero indicates that the latch has been reset by the Reset Idle/CRC 
Latch command. When the transmitter is completely empty, the 
MPSC? sends the 16-bit CRC character and sets the latch again. An 
External/Status interrupt is issued when the latch is set, indicating 
that CRC is being sent. No interrupt is issued when the latch is reset. 


Break/ Abort (D,) 


In asynchronous mode, this bit indicates the detection of a break 
sequence (a null character plus framing error, that occurs when the 
RxD input is held low (spacing) for more than 1 character time). 
Break/Abort is reset when RxD returns high (marking). 


In SDLC mode, Break/Abort indicates the detection of an abort 
sequence when 7 or more ones are received in sequence. It is reset 
when a zero is received. 


Any transition of the Break/Abort bit causes an External/Status 
Interrupt. 


End of Overrun Parity 5 
SOLC Frame Eiror iver SDLC Residue Cade All Sent 


All Sent (Do) 


In asynchronous mode, this bit is set when the transmitter is empty 
and reset when a character is present in the transmitter buffer or shift 
register. This feature simplifies your modem control software routines. 
In synchronous and SDLC modes, this bit is always set to 1. 


SDLC Residue Code (D,-D3;) 


Since the data portion of an SDLC message can consist of any 
number of bits and not necessarily an integral number of characters, 
the MPSC? features special logic to determine and report when the 
End of Frame flag has been received, the boundary between the data 
field, and the CRC character in the last few data characters that were 
just read. 


When the end of frame condition is indicated, that is, status register 1 
D, = 1 and Special Receive Condition interrupt (if enabled), the last 
bits of the CRC character are in the receiver buffer. The residue code 
for the frame is valid in the status register 1 byte associated with that 
data character (remember SR1 tracks the received data in its own 
buffer). 


The meaning of the residue code depends upon the number of 
bits/characters specified for the receiver. The previous character 
refers to the last character read before the End of Frame, etc. 


2 Residue Codes 


8 Bits/Character 


og 
Nn 


Dy Previous Character 


o- oO a= oO 4 o 4 
on noes ew Oo 
ono mw me Oo Oo 
aoaoang0onUnKl nN 4 
aaoaoanaoannanandgg 
oaoo0ngong ng a 40 
oao0nrdmlmcnNN HA 
oaoand0n0ag7n 0 90 
onmooaondnclc;dneanNd 
onmonaonaaana 
oongnaanna 


ooovo9dnaaoana 
ooooaaaa 
coouoo goo 90 a 
oogoo0o0UcmUuUmUmUmUULCN 
pvpooconcg 6a 
coco oO 98 0 9 
coco oc 8 GG 
Gooocooa0 cd 9 


7 Bits/Character 


2nd Previous Character 


(no residue} 


Previous Character 


aoaoaadanaanona 
aaoaanaoaa 
aoaonaqgaenoan 
aoandianan9 
ooanaana 


6 Bits/Character 


Previous Character 


5 Bits/Character 


2nd Previous Character 


eccccoD 
ccccbpoD 
cccobpDDOD 
ecoooodD 
coooododDD 
DoOdOoODD 
DODdDoBoBODD 


2nd Previous Character 


(no residue} 


(no residue) 


Bg O2 Oy 2nd Previous Character 3rd Previous Character 
— 
1 Q 0 ecccec oonoOoOD (no residue) 
ie) 1 0 cccco booDD 
1 1 0 eccood BbBODDBODO 
ie) i) 1 c¢copood DOODOD 
0 Q ie) coododo dDOoOOoOOoOD 


Special Receive Condition Flags 


The status bits described below (Parity error [if Parity is a Special 
Receive condition is enabled], Receiver Overrun Error, CRC/Framing 
Error, and End of SDLC Frame), all represent Special Receive 


conditions. 


When any of these conditions occurs and interrupts are enabled, the 
MPSC? issues an interrupt request. In addition, if you enabled 
Condition Affects Vector mode, the vector generated (and the 
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contents of SR2B for non-vectored interrupts) is different from that of 
a Received Character Available condition. Thus, you need not analyze 
SR1 with each character to determine that an error has occurred. 


As a further convenience, the Parity Error and Receiver Overrun Error 
flags are latched, that is, once one of these errors occurs, the flag 
remains set for all subsequent characters until reset by the Error 
Reset command. With this facility, you need only read SR1 at the end 
of a message to determine if either of these errors occurred 
anywhere in the message. The other flags are not latched and follow 
each character available in the receiver buffer. 


Parity Error (D,) 


This bit is set and latched when parity is enabled and the received 
parity bit does not match the sense (odd or even) calculated from the 
data bits. 


Receiver Overrun Error (Ds) 


This error occurs and is latched when the receiver buffer already 
contains three characters and a fourth character is completely 
received, overwriting the last character in the buffer. 


CRC/Framing Error (De) 


In asynchronous mode, a framing error is flagged (but not latched) 
when no stop bit is detected at the end of a character (i.e. RxD is low 
1 bit time after the center of the last data or parity bit). When this 
condition occurs, the MPSC? waits an additional % bit time before 
sampling again so that the framing error is not interpreted as a new 
start bit. 


In synchronous and SDLC modes, this bit indicates the result of the 
comparison between the current CRC result and the appropriate 
check value and is usually set to 1 since a message rarely indicates 
a correct CRC result until correctly completed with the CRC check 
character. Note that a CRC error does not result in a Special Receive 
Condition interrupt. 


End of SDLC Frame (D,) 


This flag is used only in SDLC mode to indicate that the End of 
Frame flag has been received and that the CRC error flag and 
residue code is valid. You can reset this flag at any time by issuing 
an Error Reset command. The MPSC? also automatically resets this 
bit for you on the first character of the next message frame. 


See 


j igure G-5. ‘2 Status Register 2 


interrupt Vector 


G-5.2 MPSC? 
PROGRAMMING 
EXAMPLES 


Interrupt Vector (Dp-D, - Channel! B Only) 


Reading status register 2B returns the interrupt vector that you 
programmed into control register 2B. If Condition Affects Vector mode 
is enabled, the value of the vector is modified as follows: 


. ESS SS oe ees 
Yabie G-5.13 Condition Affects Vector Modifications 


— 
8085 Modes D4 D3 D2 
CONDITION 
8086 Modes D2 Dy Do 
1 i 1 No Interrupt Pending 
Go oO 10) Channel B Transmitter Buffer Empty 
Qo ct) 1 Channel B External/Status Change 
0 1 it Channel B Received Character Available 
0 1 1 Channel 8 Special Receive Condition 
1 0 ie} Channel A Transmitter Buffer Empty 
1 0 1 Channel A External/Status Change 
1 1 0 Channel A Received Character Availabie 
1 1 1 Channal A Special Receive Condition 
a 


As you can see, code 111 can mean either channel A Special 
Receive condition or no interrupt pending. You can easily distinguish 
between the two by examining the Interrupt Pending bit (D,) of status 
register 0, channel A. Remember, in Non-vectored Interrupt mode you 
must read the vector register first for Interrupt Pending to be valid. 


ASYNC.O1 
Init: 
ISSUE Channel Reset Command (CRO) 
SET Bus Interface Options (CR2A) 
SET Interrupt Vector (CR&B)-if used 
SET Operating Mode (CRA): 
Asynchronous Mode, Parity Select, * of Stop Bits, Clock 
Rate 
SET Receive Enable, Auto Enables, Receive Character Length 
(CR& ) 
SET Transmit Enable, Modem Controls, Transmit Char, 
Length (CRS) 
ISSUE Reset External/Status Interrupt Command 
SET Transmit Interrupt Enable, Receive Interrupt on Every 
Character, External Interrupt Enable, Wait Mode Disable. 
**** Bnd Of Initialization ****** 


Send: 
ISSUE First Byte To MPSC 
RETURN To Main Program OR Halt 


Interrupt: 
CASE Interrupt Type DO: 
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Character Received: 
READ Character from MPSC 
PROCESS Character 
ISSUE End Of Interrupt Command 
RETURN From Interrupt 


Special Receive Condition: 
READ SR1 
ISSUE Error Reset Command 
CALL Special Error Routine 
ISSUE End Of Interrupt Command 
RETURN From Interrupt 


Transmitter Buffer Empty: 

IF Last Character Transferred was End of Message 
THEN ISSUE Reset Transmit Interrupt/DMA Pending 
Command 

ELSE 
Transfer Next Character to MPSC 
ISSUE End Of Interrupt Command 
RETURN From Interrupt 


External/Status Change: 
READ SR1 
CALL Special Condition Routine 
ISSUE End Of Interrupt Command 
RETURN From Interrupt 


Terminate Transmit: 
RESET Transmit Enable, RTS (CR5) 
RETURN 

Terminate Receive: 
RESET Receive Enable (CR1) 
RESET DTR (CR5) 

ASYNC.O1 
RETURN 


END 


oe s sis 
olled Transmit 


cRO 


IN A TYPICAL POLLED ENVIRONMENT, 
THE MPSC? IS INITIALIZED AND 
THEN PERIODICALLY CHECKED FOR 
COMPLETION OF A TRANSMIT OR 
RECEIVE OPERATION. 


CHANNEL 
RESET 


SET BUS 
INTERFACE 
OPTION 


SET BASIC 
PROTOCOL 
PARAMETERS 


ASYNCHRONOUS MODE, PARITY INFORMATION, 
STOP SITS INFORMATION CLOCK RATE 


SET RECEIVE 
PARAMETERS 


RECEIVE ENABLE, AUTO ENABLES, 
RECEIVE CHARACTER LENGTH 


REQUEST TO SEND, TRANSMIT ENABLE 
TRANSMIT CHARACTER LENGTH, 
DATA TERMINAL READY 


SET TRANSMIT 
PARAMETERS 


SET INTERRUPT 
VECTOR ADDRESS 
IF USED 


RESET EXT/STATUS 
INTERRUPTS 


TRANSMIT INTERRUPT/OMA ENABLE, 
STATUS AFFECTS VECTOR, INTERAUPT 
ON ALL RECEIVE CHARACTERS, DISABLE 
WAIT FUNCTION, EXTERNAL INTERRUPT ENABLE 


SET INTERRUPT 
PARAMETERS. 


INITIALIZED. AUTO ENABLE (1F USED. 


AND THE RECEIVER IF OCD Is ACT! 


ED pS 


Figure G-5.14 Asynchronous Receive 


READ REGISTER 0 


TEST 
DATA CARRIER 
DETECT 
O3=1 


CHARACTER 
AVAILABLE 
bo#1 


RESET EXTERNAL 
STATUS INTERRUPTS 


READ REGISTER 1 
FOR ERROR 
INFORMATION 


READ RECEIVER 
CHARACTER 


and 


RECEIVER AND TRANSMITTER ARE BOTH 


WER 


ENABLE THE TRANSMITTER IF CTS 1S ACTIVE 


IVE 
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Figure G-5.15 Asynchronous Transmit 


READ REGISTER 0 


NO 


RESET EXT. 
STATUS INTERRUPTS 


TES 
TRANSMIT 
BUFFER 
EMPTY 
O2~1 


OUTPUT 
CHARACTER TO 
TRANSMIT BUFFER 


*1F AUTO ENABLE WAS SET (D5 * 1 IN CONTROL REGISTER 3), 
THIS STEP MAY BE OMITTED 


SYNC. PRG 
FHEAKEKEESASY NCHRONOUS OPERATION EXAMPLE*********** 
“This example uses the Block Transfer Mode*** 


Init: 
ISSUE Channel Reset Command 
SET Interface Option (CR2A) 
SET Interrupt Vector (CR&B) 
SET Parity Mode, Sync Mode, 1x Clock (CRA) 
SET Syne Character 1 (CR6) 
SET Sync Character 2 (CR7) 
RETURN 


Initiate Transmit: 
ISSUE Reset External/Status Interrupt Command 
SET External Interrupt Enable, Transmit Interrupt Enable 
Wait Enable, Wait on Transmit (CR1) 
SET Transmit Enable, * of Bits/Character, RTS, 
CRC Polynomial Select. 


****Transmitter is now enabled and will automatically begin 
sending Sync characters**** 


WAIT Several Character Times (a good idea to help system gain 
synchronization) 
Next Message: 

ISSUE Reset Transmit CRC Command 


Send Character: 
GET Character 
If Character Is To Be Included In CRC 
THEN 
SET CRC Generator On (CRS5) 
ELSE 
SET CRC Generator Off (CR5) 
ENDIF 
WRITE Character To MPSC (Processor will “Wait” until 
Transmitter buffer is empty) 
IF Character Was Not The Last 
THEN 
GOTO Send Character (do next character) 
ELSE 
SET CRC Generator On (CR5) 
ISSUE Reset Idle/CRC Latch Command 
WAIT For External/Status Interrupt Indicating CRC Being 
Sent 
IF Next Message Is Ready To Be Transmitted 
THEN 
GOTO Next Message (Next message will be sent 
immediately following CRC) 
ELSE 
WAIT For Transmit Buffer Interrupt indicating Trailing 
Sync Being Sent 
SET Transmitter Enable Off, RTS Off (CR5) 
ENDIF 
ENDIF 
“Find of Transmit Routine**** 


SYNC.PRG 
****Receive Routine**** 


Receive Message: 
SET External/Status Interrupt Enable, Receive Interrupt 
On First Character Mode, Wait Enabled, Wait on 
Receive (CR1) 
SET Receiver Enable On, Sync Character Load Inhibit, 
# of Bits/Character (CR1) 
SET DTR On (CRS) 
ISSUE Reset External Status Interrupt Command 
ISSUE Enable Interrupt On Next Received Character 
Command 
ISSUE Error Reset Command 
****Receiver is now enabled and in the Hunt Phase**** 
WAIT For External/Status Interrupt (indicating 
synchronization has been achieved) 
Issue Error Reset Command 
WAIT For Received Character Available Interrupt (first 
non-sync character is now available) 
ISSUE Reset CRC Checker Command 
SET Sync Character Load Inhibit Off 
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Get Character: 


GET Character from MPSC (processor will “Wait” until at 
least 1 character is available) 


IF Character Is To Be Included In CRC Calculation 
THEN 
Turn CRC Checker On (CR3) 
ELSE 
SET CRC Checker Off (CR3) 
ENDIF 
IF Character Is Part of Message Data 
THEN 
SAVE Character In Memory 
ENDIF 
IF Character Was NOT End Of Message 
THEN 
GOTO READ Character 
ENDIF 


*** Hnd Of Message*** 


SET CRC Checker On 

READ 2 CRC Characters 

READ 28 Character (these characters may be part of the 
next message but must be read before CRC will be valid) 

READ SR1 (this must be done immediately so that next 
character status will not overwrite) 

IF Parity OR Overrun OR CRC = Error 

THEN 
GOTO Error Processor 

ENDIF 


IF More Messages Are To Be Received 
THEN 
GOTO Get Next Message 


SYNC.PRG 


ELSE 
SET DTR Off 
SET Receive Enable Off 
SET External/Status Interrupts Off, Receiver Interrupt 
Mode Disabled (CR1) 
RETURN 


END 
RETURN 


CRO 


CHANNEL 
RESET 


CR2 


SET BUS 


INTERFACE 


CR2-B 


SET INTERRUPT 
VECTOR IF USED 


CR4 


ISSUE TRANSMIT 
PARAMETERS; PARITY 
INFORMATION, SYNC MODE 
INFORMATION, X1 CLOCK 


SET BASIC PROTOCOL 
PARAMETERS” 


CR3 


SET AUTO {Ff THIS BIT IS SET, 
ENABLES IF USED TRANSMISSION BEGINS 
AFTER CTS !S DETECTED 


CRE 


SET SYNC 
CHARACTER 1 


CR7 


SET SYNC 
CHARACTER 2 


CRO 


RESET EXTERNAL 
STATUS INTERRUPTS 


CRi 


EXTERNAL INTERRUPT MONITORS 
THE STATUS OF THE CTS 
INPUT AS WELL AS THE STATUS OF 
TX UNDERRUN/EOM 


SET INTERRUPT 


PARAMETERS 


179 


180 


TRANSMIT MODE IS FULLY 


SEND FIRST CHARACTER 


ISSUE END OF 
INTERRUPT COMMAND 


RETURN FROM 
INTERRUPT 


INITIALIZED AND READ TO 


SET CRC AND 
MODEM PARAMETERS 


REQUEST TO SEND, 
TRANSMIT ENABLE, 
BISYNC CRC, TRANSMIT 
CHARACTER LENGTH 


RESET CRC 
GENERATOR 


THE CAC GENERATOR IS 
RESET BY ISSUING A RESET 
TRANSMIT CRC GENERATOR COMMAND 


EXECUTE HALT 
OR OTHER PROGRAM 


ON INTERRUPT 
THE FIRST DATA TRANSFER 
TO THE MPSC2 CAN BEGIN WHEN 
THE EXT/STATUS INTERRUPT HAS 
OCCURRED (CTS STATUS BIT SET 
GET BYTE FROM IN AUTO ENABLE MODE) 
MEMORY 


UPDATE CPU 
POINTERS 


TURN OFF 
CRC CHECKER 


TURN ON CRC 
CHECKER 


SEND BYTE 


RESET TX 
UNDERRUN LATCH 


UPDATE 
CPU REGISTERS 


DISABLE INTERRUPTS AND 
UPDATE MODEM CONTROLS 


RETURN 
FROM 
INTERRUPT 


IF INTERRUPT ERROR OCCURS 


TRANSFER SRO 
TO CPU 


EXECUTE 
ERROR 
ROUTINE 


RETURN 
FROM 
INTERRUPT 


Figure G-5.16 Bisync Initialization Transmit 


DETERMINE NATURE 
OF INTERRUPT 


THIS BIT IS SET IF THE TRANSMIT 
BUFFER 1S NOT SERVICED BEFORE 
LAST CHARACTER IS SENT OUT 
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CRO 


RESETS INTERNAL CHANNEL RESET THIS MUST BE 


INTERRUPT PRIORITY RESET CRC CHECKER DONE IN TWO BYTES 


CR2-A 


SET BUS 
INTERFACE 


CR2-B 


WRITE DESIRED SET INTERRUPT 
INTERRUPT VECTOR VECTOR 


CR4 


PARITY INFORMATION, 
SYNC MODES INFORMATION 
X1 CLOCK MODE 


SET BASIC 1/0 
PARAMETERS 


CRS 


SET PARAMETERS CRC DATA TERMINAL READY 


CR6 


SET SYNC 
CHARACTER 1 


CR7 


SET SYNC 
CHARACTER 2 


CRO 


RESET EXTERNAL 
STATUS INTERRUPTS 


cRi 


STATUS AFFECTS SET INTERRUPT 
VECTOR, EXTERNAL PARAMETERS 


INTERRUPT ENABLE, 
RECEIVE INTERRUPT 
ON FIRST CHARACTER 


CONTINUED 
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t cRO 


ENABLE INTERRUPT RESETTING THIS INTERRUPT MODE 
ON NEXT RECEIVE PROVIDES SIMPLE PROGRAM LOOP BACK 


CHARACTER ENTRY FOR THE NEXT TRANSACTION 


CR3 


WRITE REGISTER 3 iS ISSUED 
TO ENABLE THE RECEIVER, 
RECEIVER ENABLE, SYNC 
CHARACTER LOAD INHIBIT, 
ENTER HUNT MOOE, AUTO 
ENABLE, RECEIVER WORD 
LENGTH 


ENABLE RECEIVER 


R IS FULLY INITIALIZ! 
EXECUTE HALT OR ECE e MODE bier 


OTHER PROGRAM 


AND THE CPU IS WAITING FOR THE 
INTERRUPT ON FIRST CHARACTER 


BISYNC TRANSMIT 
WHEN INTERRUPT ON FIRST 
CHARACTER OCCURS. 


QURING THE HUNT MODE, THE MPSC2 DETECTS 
TWO CONTIGUOUS CHARACTERS TO ESTABLISH 
SYNC. AFTER SYNC HAS BEEN ESTABLISHED THE 
CPU WILL ISSUE A DATA REAO FROM THE CPU. 


RESET CRC CHECKER 


RETURN FROM 
INTERRUPT 
CPU GETS BYTE 

FROM MPSC2 


ISSUE 
ENO OF TURN OFF SYNG THIS BIT WAS SET TO INHIBIT THE 


INTERRUPT CHARACTER LOAD INHIBIT TRANSFER OF SYNC CHARACTERS TO 
COMMAND THE RECEIVE BUFFER 


TURN OFF CRC 
CHECKER 


SEND BYTE 
TO MEMORY UPDATE 
POINTERS 


TURN ON CRC 
CHECKER 


ETB END 
OF BLOCK 


SCRAP SEND BYTE 
CHARACTER TO MEMORY 
> 


RECEIVE CONTINUED 
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Figure G-5.17 Bisync Initialization Receive 


MESSAGE TERMINATION 


READING STATUS REGISTER 1 
WILL SHOW THE ERROR STATUS 
FOR THE PREVIOUS DATA BLOCK 


READ STATUS 
INFORMATION 


SEND REPLY 
OR TAKE 
APPROPRIATE ACTION 


CRC 


ERROR 
? 


SET CRC ERROR 
FLAGS IN MEMORY 


SEND ACK 
REPLY FLAG 


RESET 
CRC CHECKER 


ISSUE 


DISABLE INTERRUPT 


END OF AND UPDATE 
INTERRUPT MODEM CONTROLS 
COMMAND 


RETURN 
FROM 
INTERRUPT 
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REREL ERE ECLERELEL EER OTT OPERATION BPX AMPLE A TtTERAEEERES EERE EEX 
“This example uses DMA Transfer Mode**** 


Initialize: 

ISSUE Channel Reset Command 
SET Interface Option (CR&A) 

SET Interrupt Vector (CR&B) 

SET SDLC Mode, 1x Clock (CRA) 
SET SDLC Flag (CR7)= 01111110 
SET SDLC Secondary Address (CR6) 
RETURN 


Initiate Transmit: 

ISSUE Reset External Status Interrupt Command 

SET External Interrupt Enable, Transmit Interrupt/DMA 
Enable (CR1) 

SET Transmit Enable, RTS, CRC-CCITT Polynomial (CRS5) 


**<*The Transmitter is now enabled and will automatically begin 
sending Flag characters**** 


Send Message: 

SET DMA Controller to Beginning of Message, * of Characters 
in Message. 

ISSUE Reset Transmit CRC Generator Command 

SET 8 Bits/Character (CR5) 

WRITE Address byte to MPSC 

SET # of Bits/Character (CR5) 

ISSUE Reset EOM/CRC Latch Command 


****The MPSC will now transmit the message until the DMA 
Controller completes the required number of transfers**** 


WAIT for External/Status Change Interrupt (signifies CRC 
being sent) 
IF Next Message Ready to be Transmitted 
THEN 
GOTO Send Message (since MPSC will automatically issue a 
DMA request when ready, set DMA controller to address 
byte preceding message and skip the write) 
ELSE 
ISSUE RESET External/Status Interrupt Command 
ISSUE RESET Transmit Interrupt/DMA Pending Command 
RETURN 


****Find of Transmit Routine**** 


Receive Message: 

SET External/Status Interrupt Enable, Receive Interrupt on 
First Character (CR1) 

SET Receiver Enable On, 8 Bits/Character, Receive CRC On, 
Address Search Mode On (CRS) 

SET DTR On, CRC-CCITT (CR5) 

ISSUE Reset External/Status Interrupt Command 

ISSUE Enable Interrupt On Next Character Command 
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****Receiver is now enabled and in the Hunt Phase**** 


WAIT for External/Status Interrupt (indicating that a Flag 
character has been received) 

ISSUE Reset External/Status Interrupt Command 

RETURN From Interrupt 


****Receiver is now in the Address Search Phase**** 


Next Message: 

WAIT for Character Received Interrupt (indicating that an address 
match or global address has occurred) 

GET Address Character (for later processing) 

SET DMA Controller 

SET # of Bits/Character (CR3) 


****Receiver is now in the Data Phase and will transfer all 
succeeding characters until the End of Frame Flag**** 


WAIT for Special Receive Condition Interrupt (indicating flag 
received) 
READ SRI to Obtain CRC Status and Residue Code 
SET DMA Controller Off 
IF More Messages Are To Be Received 
THEN 
GOTO Next Message 
ELSE 
SET DTR Off 
SET Receive Enable Off 
RETURN 
ENDIF 


CRO 


ISSUE 
CHANNEL 
RESET 


SET INTERFACE 
OPTION 


SET INTERRUPT 
VECTOR IF USED 


SET BASIC 
INTERFACE 
PARAMETERS 


PARITY INFORMATION 
SYNC MODE, SOLC MODE, 
x1 CLOCK 


SEY EXTERNAL INTERRUPT ENABLE, 
STATUS AFFECTS VECTOR, TRANS. 
MIT INTERRUPT DMA ENABLE OR 
WAIT MODE ENABLE. 


SET INTERRUPT 
THE EXTERNAL INTERRUPT MODE MONITORS PARAMETERS 
THE STATUS OF CTS AND DCD, AS WELL AS THE 
STATUS OF TX UNDERRUN/EOM LATCH. A 
TRANSMIT INTERRUPT OCCURS WHEN THE 
TRANSMIT BUFFER BECOMES EMPTY. THE 
EXTERNAL WAIT PIN CAN BE USED FOR BLOCK 
MODE TRANSFERS OR THE ORG PINS {WHICH 
ARE EXTERNAL) CAN BE USED IN OMA OPERA- 
TION AS WELL. 


SET TRANSMITTER ENABLE, RTS, SDLC-CRC, 
TRANSMIT ENABLE, TRANSMIT WORD 
LENGTH, OTR, SOLC MODE MUST BE 
DEFINED BEFORE INITIALIZING THE 
TRANSMIT CRC GENERATOR. 


SET TRANSMIT 
PARAMETERS 


RESET 
EXTERNAL STATUS 
INTERRUPTS, 


THE TRANSMITTER IS NOW INITIALIZED AND 
ENABLED, AT THIS POINT THE MPSC2 WILL 
START SENDING FLAG CHARACTERS AS 
SOON AS CTS GOES LOW. 


RESET TRANSMIT 
CRC GENERATOR 
TOALL 1's 


INITIALIZE 
OMA CONTROLLER 
FOR BLOCK MODE OPERATION 


EXECUTE HALT 
OR SOME OTHER 
PROGRAM 
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Figure G-5.18 SDLC Initialization Transmit 


ALTHOUGH THERE 1S NO RESTRICTION 
AS TO WHEN THE TRANSMIT UNDERRUN/ 
€OM BIT CAN BE RESET, iT IS GOOD 
PRACTICE TO RESET THE BIT AFTER THE 
FIRST DATA CHARACTER IS SENT. THIS 
WILL ALLOW CRC AND FLAG TO BE 

SENT SHOULD AN UNDERRUN CONDITION 
OCCUR. 


REPEAT THE 
PROCESS FOR 
NEXT MESSAGE 


WHEN INTERRUPT OCCURS 


CPU RESPONDS BY 
SENDING FIRST 
CHARACTER 


RESET TX UNDERRUN/ 
—CM LATCH 


SET OMA CONTROLLER TO 
BEGIN ADDRESS AND 
BLOCK SIZE 


EXECUTE HALT 
OR SOME OTHER PROGRAM 


WHEN INTERRUPT OCCURS {ORQI 


AT THIS POINT THE MPSC2 iS UNDER DMA 
CONTROL AND WILL TRANSMIT DATA 
UNTIL END OF FRAME, OR THERE iS AN 
ERROR CONDITION, WHEN THE LAST 
CHARACTER IS SENT THE MPSC2 SENDS 
CRC, SEND CLOSING FLAG AND INTER- 
RUPTS THE CPU WITH THE DATA 

BUFFER EMPTY BIT SET. 


ISSUE RESET 
TX INTERRUPT 
PENDING COMMAND 


CPU TRIES TOGET ITS 
SILICON TOGETHER 
AND DOES RESET 


REDEFINE INTERRUPT 
MODE, UPDATE MODEM 
CONTROL OUTPUTS 


THE FIRST INTERRUPT WILL OCCUR WHEN 
THE CTS PIN BECOMES ACTIVE. AT WHICH 
POINT THE MPSC2 WILL START TRANS- 
MITTING FLAG CHARACTERS, THE CPU 
WILL RESPOND TO THIS INTERRUPT BY 
ISSUING THE FIRST BYTE {ADDRESS 
FIELO} TO THE MPSC2, 


AND DISABLE 
TRANSMITTER 


CRO 


ISSUE 
CHANNEL 
RESET 


SET INTERFACE 


OPTION 


SET INTERRUPT 
VECTOR IF USED 


cR4 


SET BASIC 
INTERFACE 
PARAMETERS 


PARITY INFORMATION, 
SYNC MODE, SOLC MODE, 
X1 CLOCK MODE 


IN THIS MODE, ONLY THE 
ADORESS FIELD (1 CHARACTER 
ONLY) 1S TRANSFERRED TO THE 
CPU. ALL SUBSEQUENT FIELDS 
(CONTROL, INFORMATION ETC.) 
ARE TRANSFERRED ON A OMA 
BASIS, STATUS AFFECTS VECTOR 
iN CHANNEL B ONLY. 


STATUS AFFECTS VECTOR, EXTERNAL 
INTERRUPT ENABLE, RECEIVE INTER- 
RUPT ON FIRST CHARACTER ONLY 


SET INTERRUPT 
PARAMETERS 


THIS ADDRESS 1S MATCHED AGAINST 
THE MESSAGE ADDRESS IN AN SDLC 
POLLED OPERATION 


ISSUE SECONDARY 
ADDRESS FIELD 


THIS FLAG DETECTS THE 
START AND END OF 
FRAME IN AN SDLC OPERATION 


ISSUE SDLC 
FLAG 01111110 


SET RECEIVER ENABLE ON, 8-BIT, 
RECEIVE CRC ON, ADDRESS 
SEARCH MODE ON 


ENABLE 
RECEIVER 
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SET SDOLC MODE, 
CRC, OTR 


ISSUE RESET 
EXTERNAL/STATUS 
INTERRUPT 
COMMAND 


ISSUE ENABLE 
INTERRUPT ON 
NEXT CHARACTER 
COMMAND 


USED TO PROVIDE SIMPLE 
LOOP-BACK ENTRY POINT FOR 
NEXT TRANSACTION 


SDLC RECEIVE MODE IS FULLY 
INITIALIZED AND THE MPSC2 
IS WAITING FOR THE OPENING 
FLAG FOLLOWED BY A MATCHING 
ADDRESS FIELD ON WHICH THE 
MPSC2 WILL INTERRUPT THE CPU 


INITIALIZE 
DMA CONTROLLER 


EXECUTE HALT 
OR SOME OTHER 
PROGRAM 


ON EXTERNAL/STATUS INTERRUPT 
INDICATING THAT A FLAG WAS 
RECEIVED 


ISSUE RESET 
EXTERNAL 
INTERRUPT 
COMMAND 


RETURN FROM 
INTERRUPT 


WHEN INTERRUPT ON FIRST THE MPSC2 IS NOW IN THE 
CHARACTER OCCURS ADDRESS SEARCH PHASE. 
DURING THIS PHASE THE 
MPSC2 INTERRUPTS WHEN 
THE PROGRAMMED ADDRESS 


GET ADDRESS MATCHES THE MESSAGE. 
CHARACTER FOR 


LATER PROCESSING 


ENABLE OMA 
CONTROLLER 


ENABLE DMA 
FUNCTION IN 
mpsc2 


SET NUMBER OF 
BITS/CHARACTER 


THE MPSC2 RECEIVER IS NOW IN 

THE DATA PHASE AND WILL 

TRANSFER ALL SUCCEEDING 
CHARACTERS BY THE DMA CONTROLLER 
UNTIL THE END OF FROM FLAG. 


RETURN FROM 
INTERRUPT 
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Figure G-5.19 SDLC Initialization Receive 


WHEN SPECIAL RECEIVE CONDITION 
INTERRUPT OCCURS INDICATING 
FLAG RECEIVED 


DURING THE DMA OPERATION, THE 
MPSC2 MONITORS THE DCD INPUT 
AND THE ABORT SEQUENCE IN 

THE DATA STREAM. IF EITHER 

OF THESE CONDITIONS OCCURS, THE 
MPSC2 WILL INTERRUPT THE CPU 
WITH EXTERNAL STATUS ERROR. 
THE SPECIAL RECEIVE CONDITION 
INTERRUPT IS CAUSED BY RECEIVE 
OVERRUN ERROR. 


EXIT OMA MODE 


READ STATUS 
REGISTER 1 


DETECTION OF END OF 

FRAME (FLAG) CAUSES 

AN INTERRUPT AND 
DEACTIVATES THE DRQ 
FUNCTION. RESIDUE CODES 
INDICATE THE BIT STRUCTURE 
OF THE LAST TWO BYTES OF 
THE MESSAGE, WHICH WERE 
TRANSFERRED TO MEMORY 


GO TO ERROR 


CRC 


ROUTINE ERROR 


? 


UNDER DMA CONTROL. ERROR 
RESET IS ISSUED TO CLEAR 
THE SPECIAL CONDITION, 


ISSUE ERROR 
RESET COMMAND 


ANOTHER 


MESSAGE 
? 


GET NEXT 
MESSAGE 


REDEFINE 
INTERRUPT MODES, 
SYNC MODE, AND SDLC 
MODE DISABLE 
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G-6 APPLICATION 
HINTS 


G-6.1 DESIGNING 
WITH THE MPSC? 


G-6.1.1 .8080/86-Type 
Processors 


G-6.1.2 Other 
Processor Types 


Designing the MPSC2 into your system is generally straightforward 
and requires a minimal number of external devices. 


The bus interface used by the MPSC? is directly compatible with 
8080/86-type buses. Figure G-6.1 illustrates the basic interconnection 
scheme for these processors. This configuration supports polled, 
interrupt driven, and block mode operation. 


Figure G-6.1 uPD7201 Interface to 8080 Standard System Bus 


(Non-DMA) 
ADDRESS BUS 
Aaj Ai 
CONTROL BUS 
V/OR ee a2 INTR| INTA 
{TTL 
DATA BUS 
TNT 
pai c/B B/ xe 


uPD7201 PRO 


uPD7201 


You may also connect the MPSC? to uPD780 (Z-80) and 6800/6502- 
type processors with a few additional gates. Figures G-6.2 and G-6.3, 
respectively, illustrate the circuits necessary to derive the correct 
signals. In both cases the MPSC? can be used in Non-vectored mode 
with minimal software overhead. 


Figure G-6.2 uPD780 (Z-80) to MPSC? Adapter 


RD _ 
RD 
ioRa TO MpPsc2 
eas WR 
WR 


193 


194 


ire G-6.5 6800/6502 to MPSC? Adapter 


RD/WR 


02 TO MPSsc2 


The MPSC? can also be used in Vectored Interrupt mode with the 
uPD780 operated in Interrupt Mode 0. In this mode, the uPD780 
handles interrupt requests in much the same manner as an 8080 
processor, that is, an interrupt acknowledge sequence is executed 
during which the processor expects the next instruction to come from 
the interrupting device. The 8080 INTA signal is generated by 
combining M1 and IORQ from the uPD780. There is one key 
difference that must be noted. In accepting a multibyte instruction 
such as the CALL generated by the MPSC?, the 8080 issues a 
separate INTA pulse for each byte. The uPD780, however, issues an 
INTA on the first byte only. Succeeding bytes are accessed with 
memory read cycles. In order for the MPSC? to operate properly, a 
circuit such as the one shown in Figure G-6.4 should be used to 
derive the proper INTA sequence. 


fORQ 


74LS74 


G-6.2 USING THE 
MPSC? WITH DMA 
CONTROLLERS 


Most other types of processors may be readily accommodated. The 
bus control inputs RD, WR, CS, C/D, B/A, and INTA have no timing 
requirements with respect to the system clock (CLK) and there is no 
hold time requirement for data after the trailing edge of WR. The only 
timing constraint you must observe is that the address lines C/D, 
B/A, and CS must be stable by the leading edge of RD or WR. 


You can greatly increase the data handling capacity of your serial 
i/O subsystem by using the MPSC? with a DMA controller such as 
the uPD8257 or uPD8237, to permit direct transfer of data between 
the MPSC? and memory. Figure 6.5 illustrates a typical MPSC?/DMA 
configuration. In using the MPSC? in this manner, you should be 
aware of a few special considerations: 


To minimize the number of pins required to implement four DMA 
channels, the MPSC? does not use the usual DRQ/DACK pins for 
each channel but rather only DRQ with a single Hold Acknowledge 
input, HAI. This arrangement eliminates three pins and in addition 
permits daisychained MPSC?2s operating in DMA mode. However, it 
does require that the MPSC? and the DMA controller reach 
independent agreement on which DMA request is to be serviced in 
the case of multiple requests to the same controller. 


To ensure that this agreement does occur, you should program the 
DMA controller for a fixed priority arrangement that agrees with the 
DMA priority you programmed into the MPSC? (see Secton G-5.1). 
You must also allow sufficient time for the MPSC? to determine its 
internal request priority before the DMA controller begins the data 
transfer. Activating the DMA controller's Hold Acknowledge input 
through the delay circuit shown in Figure G-6.5 provides this time 
delay. 


Figure G-6.5 DMA Interface 
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G-6.3 VECTORED 
INTERRUPTS 
WITHOUT USING PRI 


' G-6.4 TO DMA OR 
NOT TO DMA... 
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There are circumstances when you may wish to use the MPSC?’s 
Vectored Interrupt feature and you cannot use PRI to inform the 
MPSC? whether it is the highest priority device requesting service. 
These situations can occur when both channels are being used in 
DMA mode (the PRI pin becomes DRQRxB) or when using other 
peripherals that are incompatible with daisychaining. To retain the 
Vectored Interrupt feature, you can pull PRI low if available (this is 
done automatically when both channels are DMA). Program the 
MPSC? for either 8080 Master or 8086 Vector mode, and gate INTA 
to the highest priority device with a circuit similar to Figure G-6.6. 


Figure G-6.6 Priority Resolution Circuit for Non-daisychained 
Devices 


iNTA To DEVICE 7 


INTA TO DEVICE @ 


ENcGS 


INT FROM OEVICE 0 [LOWEST PRIORITY) 


002 


eriG3 


INT SERVICE! THT FROM DEVICE 7 (HIGHEST PRIORITY) 


NOTES 


1, TINT SERVICE DECODED PORT ADDRESS FROM PROCESSOR 

2. Og: INT SERVICE « INTERRUPT IN SERVICE; ENABLE HIGHER 

PRIORITY INTERRUPTS. 

Oo: iNT SERVICE « END OF INTERRUPT: ENABLE LOWER 

PRIORITY INTERRUPTS 

ETLG = ENABLE THIS LEVEL GROUP (INPUT); ENLG ~ ENABLE 
NEXT LEVEL GROUP (OUTPUT) « EXPANSION PINS 

4, DEVICES SHOULD BE PROGRAMMED FOR MASTER MODE OF 

INTA RESPONSE, .«., THEY SHOULO ISSUE THE COMPLETE 

CALL INSTRUCTION FOR 8083 SYSTEMS 


o2ITTU 


You should note that an 8259-type interrupt controller programmed for 
Master Mode does not set its Slave Enable outputs until the second 
INTA pulse and so is incompatible with the MPSC?’s interrupt 
acknowledge timing. 


When operating an MPSC? channel in DMA mode, there are normally 
some interrupts in parallel with DMA requests. Here are the rules: 


Interrupt on Each Character Mode: Both an interrupt and DMA 
request are made when a character is received. 


Interrupt on First Character: The first character received (after issuing 
an Enable Interrupt On Next Character) generates both an interrupt 


and a DMA request. Subsequent characters cause only a DMA 
request to be issued. As an exception, a Special Receive condition 
always causes both an interrupt and a DMA request. 


Transmitter Buffer Becoming Empty: Only DMA requests are issued 
when the MPSC? is transmitting under DMA contro! 


G-6.5 HANDLING AN Since SDLC-type protocols do not allow flags to be imbedded within a 

SDLC UNDERRUN message as filler, a fault condition can sometimes occur where the 

FAULT transmitter runs out of data to send. This situation is particularly 
common in interrupt-driven systems that are heavily task-loaded. You 
can use the MPSC?s Idie/CRC latch feature to detect these underrun 
faults and abort the message before an erroneous End of Frame flag 
is sent. This is accomplished by issuing a Reset Idle/CRC Latch 
command to the MPSC? immediately after loading it with the first 
character of the message. If an underrun condition occurs, the 
MPSC? automatically begins to send the CRC character calculated up 
to that point and issues and External/Status Change interrupt to 
indicate that the CRC is being sent. Since your software routine 
knows that the end of the message has not been reached, an 
underrun is indicated and your routine can immediately abort the 
message with a Send Abort command. 


G-6.6 SENDING If you want to send one or more pad characters between 
SYNCHRONOUS PAD J synchronous messages, you can do it two ways with the MPSC2: 
CHARACTERS 
When the MPSC? issues an External/Status interrupt to indicate that 
CRC is being sent, you can begin loading your pad characters into 
the transmitter. 


Instead of loading pad characters in response to the above interrupt, 
you can simply change the programmed sync character on the fly, 
and the MPSC? will transmit pads when it enters Idle Phase after 


sending CRC. 
G-6.7 Because of the ability to change the sync registers (CR6, CR7) on 
TRANSMITTING the fly, the MPSC? is truly compatible with bisync protocol’s 
BISYNC TRANS- Transparent mode. On entering this mode, program CR6 with the DLE 
PARENT MODE character and, if an underrun condition occurs, the correct DLE-SYN 


sequence is transmitted. On leaving Transparent mode you should 
reset CR6 back to SYN. 


G-6.8 VECTORING If you're using the MPSC? in Non-vectored Interrupt mode, you can 
THE MPSC? IN NON- _ still use the Condition Affects Vector feature to direct your software to 
VECTORED MODE the correct routine. The following example, written in 8080 assembler, 


assumes that the MPSC? has been programmed for either 8085 
master or slave mode (D3-D, modified) and that CR2B was 
programmed with a zero. 


MPSCINT: 
PUSH B ‘Save state so registers are free for 
PUSH D ‘your service routine 
PUSH H 
PUSH PSW 
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JMPTBL 


MVI A,2 

OUT MPSCBC 
IN MPSCBC 
LX H, JMPTBL 
MV! D,O 

MOV E,A 

DAD D 

PCHL 


JMP TBEB 


NOP 
JMP RCVB 


NOP 
JMP SPRB 
NOP 


END 


‘Set channel B register pointer to 2 
‘Register A = modified vector 
‘HL— vector jump table 

‘DE = offset into table 


‘HL— jump table + offset 
‘Jump to jump table entry 


‘Channel B transmitter buffer empty 
‘External/Status change 


‘Received character available 


‘Special receive condition 


‘Repeat for channel A interrupts 


APPENDIX H 6522 VERSATILE INTERFACE SPECIFICATION 


Two 8-Bit Bi-directional I/O Ports 

Two 16-Bit Programmable Timer/Counters 

Serial Data Port 

Single +5V Power Supply 

TTL Compatible 

CMOS Compatible Peripheral Control Lines 

Expanded ‘‘Handshake”’ Capability Allows Positive Control of 
Data Transfers Between Processor and Peripheral Devices 

» Latched Output and Input Registers 

& 1 MHz and 2 MHz Operation 


The SY6522 Versatile Interface Adapter (VIA) is a very flexible 

\/O control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, a serial-to-parallel/parallel-to-serial shift 
register and input data latching on the peripheral ports. Expanded 
handshaking capability allows control of bi-directional data transfers 
between VIA’s in multiple processor systems. 


Control of peripheral devices is handled primarily through two 8-bit 
bi-directional ports. Each line can be programmed as either an input 
or an output. Several peripheral 1/O lines can be controlled directly 
from the interval timers for generating programmable frequency 
square waves or for counting externally generated pulses. To 
facilitate control of the many powerful features of this chip, an 
interrupt flag register, an interrupt enable register and a pair of 
function control registers are provided. 


V¥YVYVYVYV¥Y¥ 


omy 


Figure H-1: SY6522 Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 


This device contains circuitry to protect the inputs against damage 
due to high static voltages. However, it is advised that normal 
precautions be taken to avoid application of any voltage higher than 
maximum rated voltages. 


Vec |-0.3 to +7.0 
-0.3 to +7.0 


Supply Voltage 

Input Voltage 

Operating Temperature 
Range 

Storage Temperature 

Range 


0 to +70 


-55 to +150 


ELECTRICAL CHARACTERISTICS 
(Vcc 5.0V +5%, T, = 0-70° C unless otherwise noted) 


Symbol Characteristic Min. Max. Unit 
Vin Input High Voltage (all except $2) 2.4 Vec Vv 
Vow Clock High Voltage a 2.4 Vec Vv 
Vie Input Low Voltage ~0.3 0.4 Vv 
lin Input Leakage Current — Viy = 0 to 5 Vde - 2.5 KA 
RM, RES, RSO, RS1, RS2, RS3, CS1, CS2, 
CA1, 2 
— ie 
Itst Off-state Input Current — Vin = .4 to 2.4V - +10 BA 
Vec = Max, 00 to D7 
te Input High Current — Vijyq = 2.4V -100 = BA 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 
cee cece es ae 
tic Input Low Current — Vip = 0.4 Vde - -1.6 mA 
PAQ-PA7, CA2, PBO-PB7, CB1, CB2 
Vou Output High Voltage 2.4 ~ Vv 
Vee = min, lioag = ~100 wAdc 
PAO-PA7, CA2, PBO-PB7, CB1, CB2 | 
Vor Output Low Voltage - 0.4 Vv 
Vec = min, logy = 1.6 mAdc 
low Output High Current {Sourcing} 
Vou = 2.4V -100 2 LA 
Vou = 1.5V (PBO-PB7) -1.0 - mA 
lo. Output Low Current (Sinking) 1.6 ~ mA 
Vote = 0.4 Vde | 
lorr Output Leakage Current (Off state} ~- 10 uA 
IRQ | 
| + 
Cin Input Capacitance ~ Ta = 25°C, f= 1 MHz 
(RW, RES, RSO, RS1, RS2, RS3, CS1, CS2, - 7.0 pF 
DO-D7, PAO-PA7, CA1, CA2, PBO-PB7) 
{CB1, CB2} . = 10 pF 
(©2 Input) = 20 pF 
Court Output Capacitance — Ta = 25°C, f= 1 MHz - L 10 pF 
Pp Power Dissipation _ L 700 mW 
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Figure H-2: Test Load (for all Dynamic Parameters) 
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Figure H-3: Read Timing Characteristics 
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READ TIMING CHARACTERISTICS (FIGURE H-3) 


eT | 

y SY 6522 ii SY6522A 

Symbol Parameter in. : Min. 

— 

Tey | Cycle Time 

Tacr Address Set-Up Time 

Toar Address Hold Time 

Tecr Peripheral Data Set-Up Time 

Toor Data Bus Delay Time 
4 

Tur Data Bus Hold Time 


NOTE: tr, tf = 10 to 30ns. 
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clock 
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WRITE TIMING CHARACTERISTICS (FIGURE 4) 


SY6522 SY6522A 

Symbol Parameter TT 
Tey Cycle Time 
Te @2 Pulse Width Us 
Tacw Address Set-Up Time ns 
Toaw ' Address Hold Time Ais 
Twew | R/W Set-Up Time As 
Toww R/W Hold Time Ae 
Tocw Data Bus Set-Up Time ns 
THw Data Bus Hold Time ns 
Tepw i Peripheral Data Delay Time us 1 
Tomos Peripheral Data Delay Time 1 

to CMOS Levels Bs 


NOTE: tr, tf = 10 to 30ns. 


PERIPHERAL INTERFACE CHARACTERISTICS 


Symbol Characteristic Min. Max. Unit Figure 
tr, tf Rise and Fall Time for CA1, CB1, CA2, and CB2 - 1 1.0 US _ 
| A Sel eee ee es meen 
Delay Time, Clock Negative Transition to CA2 Negative | 
Transition {read handshake or pulse mode) i - 1.0 US 5a, 5b 
Delay Time, Clock Negative Transition to CA2 Positive 7 


Transition (pulse mode) 


Delay Time, CAI Active Transition to CA2 Positive 
| Transition (handshake mode) 


| Twus Delay Time, Clock Positive Transition to CA2 0 or sr CB2 
Negative Transition (write handshake) 
Tos Delay Time, Peripheral Data Valid to CB2 Negative 
Transition 
Trs3 | Delay Time, Clock Positive Transition t to CA2 or CB2 


Ise mode) 


Trsa Delay Time, CA1 or cB Active Transition to CA2 or 
CB2 Positive Transition (handshake mode) 
Ta Delay Time Required from CA2 Output to CA1 | 
Active Transition (handshake mode} | 400 a ns 5d 
Tit i Set-up Time, Peripheral Data Valid to CA1 or CBI | : 
| Active Transition (input latching) 300 i - ns 5e 


Shift. Out Delay Time ~ Time from 9 Falling ‘Edge 
to CB2 Data Out 


jo 
Shift-In Setup Time - ~ “Time from CB2 Data In to 
2 Rising Edge 


Tsr3 External Shift Clock (CB1) Setup Time Relative To | 
2 Trailing Edge 100 i 


Pulse Width — PB6 Input Pulse 


Figure H-5a: CA2 Timing for Read Handshake, Pulse Mode 
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Figure H-5b: CA2 Timing for Read Handshake, Handshake Mode 
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Figure H-5d: CA2, CB2 Timing for Write Handshake, Handshake Mode 
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Figure H-5e: Peripheral Data Input Latching Timing 
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Figure H-5f: Timing for Shift Out with Internal or External Shift Clocking 
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Figure H-5q: Timing for Shift In with Internal or External Shift Clocking 
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ORES SS 


PIN DESCRIPTIONS 


RES (RESET) 


$2 (INPUT CLOCK) 


R/W (READ/WRITE) 


DB0-DB7 (DATA BUS) 
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Figure -5i: Pulse Count Input Timing 


PRE 
PULSE COUNT 
INPUT 


The reset input clears all internal registers to logic 0 (except T1 

and T2 latches and counters and the Shift Register). This places all 
peripheral interface lines in the input state, disables the timers, shift 
register, etc. and disables interrupting from the chip. 


The input clock is the system $2 clock and is used to trigger all 
data transfers between the system processor and the SY6522. 


The direction of the data transfers between the SY6522 and the 
system processor is controlled by the R/W line. If R/W is low, data 
will be transferred out of the processor into the selected SY6522 
register (write operation). If R/W is high and the chip is selected, 
data will be transferred out of the SY6522 (read operation). 


The eight bi-directional data bus lines are used to transfer data 
between the SY6522 and the system processor. During read cycles, 
the contents of the selected SY6522 register are placed on the data 
bus lines and transferred into the processor. During write cycles, 
these lines are high-impedance inputs and data is transferred from 
the processor into the selected register. When the SY6522 is 
unselected, the data bus lines are high-impedance. 


CS1, CS2 
(CHIP SELECTS) 


RSO-RS3 
(REGISTER SELECTS) 


IRQ 
(INTERRUPT REQUEST) 


PAO-PA7 
(PERIPHERAL A PORT) 


CA1, CA2 
(PERIPHERAL A 
CONTROL LINES) 


The two chip select inputs are normally connected to processor 
address lines either directly or through decoding. The selected SY6522 
register will be accessed when CS1 is high and CS2 is low. 


The four Register Select inputs permit the system processor to select 
one of the 16 internal registers of the SY6522, as shown in Figure H-6. 


- §Y6522 ‘intemal iaeaiater Samia 


Register | “RS Coding ] Register Description 
Number RS3 | RS2 [Rs RSO Desig. Write Read 
0 ao 0 im o 8) | ORB/IRB | Output Register “B’ input Register ‘’B’’ 
1 2 ay 0 0 1 ORA/IRA Output Register “A” Input Register “A” 
2 0 0 1 0 DDRB Data Direction Register ‘‘B” 
3 Q 0 1 1 DDRA Data Direction Register “A” 
4 0 i 1 T 0 L 0 TIC-L T1 Low-Order Latches T1 Low-Order Counter 
5 0 1 0 | 1 T1C-H T1 High-Order Counter 
6 0 1 1 0 TIL-L T1 Low-Order Latches 
7 0 1 1 1 T1L-H T1 High-Order Latches 
8 | 1 0 0 0 T2C-L | T2 Low-Order Latches T2 Low-Order Counter 
be 9 1 0 | 0 1 T2C-H T2 High-Order Counter 
10 1 0 1 0 SR Shift Register 
| 1 11/014 1 [ACR | Auxiliary Control Register 
12 1 1 ie) 0 | PCR Peripheral Control Register 
13 1 1 fi 0 [ 1 IFR Interrupt Flag Register 
14 1 1 1 0 1ER Interrupt Enable Register | 
15 1 1 1 1 ORA/IRA Same as Reg 1 Except No ‘’Handshake”’ 


The Interrupt Request output goes low whenever an internal 
Interrupt Flag is set and the corresponding interrupt enable bit is a 
logic 1. This output is ‘‘open-drain’”’ to allow the interrupt request 
signal to be ‘‘wire-or’ed”’ with other equivalent signals in the system. 


The Peripheral A port consists of 8 lines which can be individually 
programmed to act as inputs or outputs under control of a Data 
Direction Register. The polarity of output pins is controlled by an 
Output Register and input data may be latched into an internal 
register under control of the CA1 line. All of these modes of operation 
are controlled by the system processor through the internal control 
registers. These lines represent one standard TTL load in the input 
mode and will drive one standard TTL load in the output mode. 
Figure H-7 illustrates the output circuit. 


The two Peripheral A control lines act as interrupt inputs or as 
handshake outputs. Each line controls an internal Interrupt Flag with 
a corresponding interrupt enable bit. In addition, CA1 controls the 
latching of data on Peripheral A port input lines. CA1 is a high-impedance 
input only while CA2 represents one standard TTL load in the input 
mode. CA2 will drive one standard TTL load in the output mode. 
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PBO-PB7 
(PERIPHERAL B PORT) 


CB1, CB2 
(PERIPHERAL B 
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Figure H-7: Peripheral A Port Output Circuit 
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The Peripheral B port consists of eight bi-directional lines which 

are controlled by an output register and a data direction register in 
much the same manner as the PA port. In addition, the polarity of 
the PB7 output signal can be controlled by one of the interval timers 
while the second timer can be programmed to count pulses on the 
PB6 pin. Peripheral B lines represent one standard TTL load in the 
input mode and will drive one standard TTL load in the output mode. 
In addition, they are capable of sourcing 1.0mA at 1.5VDC in the 
output mode to allow the outputs to directly drive Darlington 
transistor circuits. Figure H-8 is the circuit schematic. 


The Peripheral B control lines act as interrupt inputs or as 
handshake outputs. As with CA1 and CA2, each line controls an 
Interrupt Flag with a corresponding interrupt enable bit. In addition, 
these lines act as a serial port under control of the Shift Register. 
These lines represent one standard TTL load in the input mode and 
will drive one standard TTL load in the output mode. Unlike PBO-PB7, 
CB1 and CB2 cannot drive Darlington transistor circuits. 


Figure H-8: Peripheral B Port Output Circuit 
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FUNCTIONAL 
DESCRIPTION 


PORT A AND PORT B 
OPERATION 


HANDSHAKE 
CONTROL OF 
DATA TRANSFERS 


Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as inputs 
or outputs. A “0” in a bit of the Data Direction Register causes the 
corresponding peripheral pin to act as an input. A ‘‘1’’ causes the 
pin to act as an output. 


Each peripheral pin is also controlled by a bit in the Output Register 
(ORA, ORB) and an Input Register (IRA, IRB). When the pin is 
programmed as an output, the voltage on the pin is controlled by 

the corresponding bit of the Output Register. A ‘1’ in the Output 
Register causes the output to go high, and a ‘‘0’’ causes the output 
to go low. Data may be written into Output Register bits corresponding 
to pins which are programmed as inputs. In this case, however, the 
output signal is unaffected. 


Reading a peripheral port causes the contents of the Input Register 
(IRA, IRB) to be transferred onto the data bus. With input latching 
disabled, IRA will always reflect the levels on the PA pins. With input 
latching enabled, IRA will reflect the levels on the PA pins at the 
time latching occurred (via CA1). 


The IRB register operates similar to the IRA register. However, 

for pins programmed as outputs there is a difference. When reading 
IRA, the /eve/ on the pin determines whether a ‘‘0”’ or a ‘‘1”’ is sensed. 
When reading IRB, however, the bit stored in the output register, 
ORB, is the bit sensed. Thus, for outputs which have large loading 
effects and which pull an output ‘1’ down or which pull an output 
“0” up, reading IRA may result in reading a ‘‘0” when a “1” was 
actually programmed, and reading a ‘‘1’’ when a ‘‘0” was programmed. 
Reading IRB, on the other hand, will read the ‘‘1”’ or “0” level 
actually programmed, no matter what the loading on the pin. 


Figures H-9, H-10, and H-11 illustrate the formats of the port 
registers. In addition, the input latching modes are selected by the 
Auxiliary Control Register (Figure H-16.) 


The SY6522 allows positive control of data transfers between 

the system processor and peripheral devices through the operation of 
“handshake”’ lines. Port A lines (CA1, CA2) handshake data on both 
a read and a write operation while the Port B lines (CB1, CB2) 
handshake on a write operation only. 
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yure 4-9: Output Register B (ORB), input Register B (IRB) 
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Figure H-10: Output 
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Figure H-11: Data Direction Registers (DDRB, DDRA) 
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READ HANDSHAKE Positive control of data transfers from peripheral devices into the 
system processor can be accomplished very effectively using Read 
Handshaking. In this case, the peripheral device must generate the 
equivalent of a “Data Ready”’ signal to the processor signifying that 
valid data is present on the peripheral port. This signal normally 
interrupts the processor, which then reads the data, causing generation 
of a “Data Taken” signal. The peripheral device responds by making 
new data available. This process continues until the data transfer 
is complete. 


In the SY6522, automatic ‘‘Read’’ Handshaking is possible on 

the Peripheral A port only. The CA1 interrupt input pin accepts the 
“Data Ready’’ signal and CA2 generates the ‘‘Data Taken’”’ signal. 
The ‘‘Data Ready”’ signal will set an interanl flag which may interrupt 
the processor or which may be polled under program control. The 
‘Data Taken” signal can either be a pulse or a level which is set low 
by the system processor and is cleared by the ‘‘Data Ready’”’ signal. 
These options are shown in Figure H-12, which illustrates the 

normal Read Handshaking sequence. 


Figure 4-12: Read Handshake Timing (Port A, Only) 
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WRITE HANDSHAKE 


TIMER OPERATION 
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The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to that 
described for Read Handshaking. However, for Write Handshaking, 
the SY6522 generates the ‘‘Data Ready”’ signal and the peripheral 
device must respond with the ‘Data Taken” signal. This can be 
accomplished on both the PA port and the PB port on the SY6522. 
CA2 or CB2 act as a ‘‘Data Ready” output in either the handshake 
mode or pulse mode and CA1 or CB1 accept the “Data Taken”’ 


signal from the peripheral device, setting the Interrupt Flag and cleaning 
the ‘‘Data Ready’’ output. This sequence is shown in Figure H-13. 


Selection of operating modes for CA1, CA2, CB1, and CB2 is 
accomplished by the Peripheral Control Register (Figure H-14). 


Figure H-13: Write Handshake Timing 
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Interval Timer T1 consists of two 8-bit latches and a 16-bit counter. 
The latches are used to store data which is to be loaded into the 
counter. After loading, the counter decrements at $2 clock rate. Upon 
reaching zero, an Interrupt Flag will be set, and IRQ will go low if the 
interrupt is enabled. The timer will then disable any further interrupts, 
or will automatically transfer the contents of the latches into the 
counter and will continue to decrement. In addition, the timer may be 
programmed to invert the output signal on a peripheral pin each time 
it “‘times-out’’. Each of these modes is discussed separately below. 


The T1 counter is depicted in Figure H-15 and the latches in Figure H-16. 


Figure H-14: CA1, CA2, CB1, CB2 Control 


REG 12 — PERIPHERAL CONTROL REGISTER 


CB2 CONTROL ease 


61}5{| OPERATION 
0/ OG) INPUT-NEGATIVE ACTIVE EDGE 


oj1 eae INTERRUPT 


1 INDEPENDENT INTERRUPT 
iNPUT-POS EDGE 
0 |HANOSHAKE OUTPUT _ 


CAtINTERRUPT CONTROL 


0 = NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


CA2 CONTROL 


INPUT-NEG EDGE 


) INPUT POSITIVE ACTIVE EDGE | 


NDEPENDENT INTERRUPT 
INPUT-POSEDGE 4 


CB1 INTERRUPT CONTROL 


O= NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 


[o[tow oureuT 
[AT HIGH OUTPUT 


Two bits are provided in the Auxiliary Control Register (bits 6 and 7) 
to allow selection of the T1 operating modes. The four possible 


modes are depicted in Figure H-17. 


Figure H-15: T1 Counter Registers 
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Figure H-i6: T1 Latch Registers 


REG 6 — TIMER 1 LOW-ORDER LATCHES 
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REG 11 — AUXILIARY CONTROL REGISTER 
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> 4-18: Timer 1 and Timer 2 One-Shot Mode Timing 
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The interval timer one-shot mode allows generation of a single 
interrupt for each timer load operation. As with any interval timer, 

the delay between the ‘‘write T1C-H”’ operation and generation of the 
processor interrupt is a direct function of the data loaded into the 
timing counter. In addition to generating a single interrupt, Timer 1 
can be programmed to produce a single negative pulse on the PB7 
peripheral pin. With the output enabled (ACR7=1) a ‘write T1C-H”’ 
operation will cause PB7 to go low. PB7 will return high when Timer 1 
times out. The result is a single programmable width pulse. 


in the one-shot mode, writing into the high order latch has no 

effect on the operation of Timer 1. However, it will be necessary to 
assure that the low order latch contains the proper data before 
initiating the count-down with a ‘“‘write T1C-H’’ operation. When the 
processor writes into the high order counter, the T1 Interrupt Flag will 
be cleared, the contents of the low order latch will be transferred into 
the low order counter, and the timer will begin to decrement at 
system clock rate. If the PB7 output is enabled, this signal will go 
low on the phase two following the write operation. When the counter 
reaches zero, the T1 Interrupt Flag will be set, the IRQ pin will go low 


TIMER 1 
FREE-RUN MODE 


(interrupt enabled), and the signal on PB7 will go high. At this time 
the counter will continue to decrement at system clock rate. This 
allows the system processor to read the contents of the counter to 
determine the time since interrupt. However, the T1 Interrupt Flag 
cannot be set again unless it has been cleared as described 

in this specification. 


Timing for the SY6522 interval timer one-shot modes is shown 
in Figure H-18. 


The most important advantage associated with the latches in T1 

is the ability to produce a continuous series of evenly spaced interrupts 
and the ability to produce a square wave on PB7 whose frequency is 
not affected by variations in the processor interrupt response time. 
This is accomplished in the ‘‘free-running’’ mode. 


In the free-running mode, the Interrupt Flag is set and the signal on 
PB7 is inverted each time the counter reaches zero. However, instead 
of continuing to decrement from zero after a time-out, the timer 
automatically transfers the contents of the latch into the counter 

(16 bits) and continues to decrement from there. The Interrupt Flag 
can be cleared by writing T1C-H, by reading T1C-L, or by writing 
directly into the flag as described later. However, it is not necessary 
to rewrite the timer to enable setting the Interrupt Flag on the 

next time-out. 


All interval timers in the SY6522 are ‘‘re-triggerable’’. Rewriting 

the counter will always re-initialize the time-out period. In fact, the 
time-out can be prevented completely if the processor continues to 
rewrite the timer before it reaches zero. Timer 1 will operate in this 
manner if the processor writes into the high order counter (T1C-H). 
However, by loading the latches only, the processor can access the 
timer during each down-counting operation without affecting the 
time-out in process. Instead, the data loaded into the latches will 
determine the length of the next time-out period. This capability is 
particularly valuable in the free-running mode with the output 
enabled. In this mode, the signal on PB7 is inverted and the interrupt 
flag is set with each time-out. By responding to the interrupts with 
new data for the latches, the processor can determine the period of 
the next half cycle during each half cycle of the output signal on PB7. 
In this manner, very complex waveforms can be generated. Timing 
for the free-running mode is shown in Figure H-19. 


Figure H-19: Timer 1 Free-Run Mode Timing 
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Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both 
DORB bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer output. ff one is 1 and the other is 0, then PB7 functions 
as anormal output pin, controlled by ORB bit 7. 
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Timer 2 operates as an interval timer (in the ‘‘one-slot’’ mode only), 
or as a counter for counting negative pulses on the PB6 peripheral pin. 
A single control bit is provided in the Auxiliary Control Register to 
select between these two modes This timer is comprised of a 
“write-only” low-order latch (T2L-L), a ‘‘read-only’’ low-order counter 
and a read/write high order counter. The counter registers act as a 
16-bit counter which decrements at $2 rate. Figure H-20 illustrates 
the T2 Counter Registers. 


As an interval timer, T2 operates in the ‘‘one-shot’’ mode similar 

to Timer 1. In this mode, T2 provides a single interrupt for each 
“write T2C-H”’ operation. After timing out, the counter will continue 
to decrement. However, setting of the Interrupt Flag will be disabled 
after initial time-out so that it will not be set by the counter continuing 
to decrement through zero. The processor must rewrite T2C-H to 
enable setting of the Interrupt Flag. The Interrupt Flag is cleared by 
reading T2C-L or by writing T2C-H. Timing for this operation is 
shown in Figure H-18. 


Figure H-20: T2 Counter Registers 
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COUNT 
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COUNT 
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WRITE ~ 8 BITS LOADED INTO T2 LOW ORDER WRITE - 8 BITS LOADED INTO T2 HIGH-ORDER 
LATCHES COUNTER. ALSO, LOW-ORDER LATCHES 
READ 8 BITS FROM T2 LOW-ORDER COUNTER TRANSFERREO TO LOW-ORDER 
TRANSFERRED TO MPU. T2 INTERRUPT COUNTER. IN ADDITION, T2 INTERRUPT 
FLAG IS RESET FLAG IS RESET. 
READ ~ 8 BITS FROM T2 HIGH.ORDER COUNTER 
TRANSFERRED TO MPU 


In the pulse counting mode, T2 serves primarily to count a 
predetermined number of negative-going pulses on PB6. This is 
accomplished by first loading a number into T2. Writing into T2C-H 
clears the Interrupt Flag and allows the counter to decrement each 
time a pulse is applied to PB6. The Interrupr Flag will be set when 
T2 reaches zero. At this time the counter will continue to decrement 
with each pulse on PB6. However, it is necessary to rewrite T2C-H to 
allow the Interrupt Flag to set on subsequent down-counting 
operations. Timing for this mode is shown in Figure H-21. The pulse 
must be low on the leading edge of $2. 


The Shift Register (SR) performs serial data transfers into and 

out of the CB2 pin under control of an internal modulo-8 counter. 
Shift pulses can be applied to the CB1 pin from an external source 
or, with the proper mode selection, shift pulses generated internally 
will appear on the CB1 pin for controlling external devices. 


INTERRUPT 
OPERATION 


The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure H-22 
illustrates the configuration of the SR data bits and the SR control 
bits of the ACR. 


Figures H-23 and H-24 illustrate the operation of the various 
shift register modes. 


Controlling interrupts within the SY6522 involves three principle 
operations. These are flagging the interrupts, enabling interrupts and 
signaling to the processor that an active interrupt exists within the 
chip. Interrupt flags are set by interrupting conditions which exist 
within the chip or on inputs to the chip. These flags normally remain 
set until the interrupt has been serviced. To determine the source of 
an interrupt, the microprocessor must examine these flags in order 
from highest to lowest priority. This is accomplished by reading the 
flag register into the processor accumulator, shifting this register 
either right or left and then using conditional branch instructions to 
detect an active interrupt. 


Associated with each Interrupt Flag is an interrupt enable bit. 

This can be set or cleared by the processor to enable interrupting 
the processor from the corresponding Interrupt Flag. If an interrupt 
flag is set to a logic 1 by an interrupting condition, and the corresponding 
interrupt enable bit is set to a 1, the Interrupt Request Output (IRQ) 
will go low. IRQ is an ‘‘open-collector’”’ output which can be “‘wire-or‘ed”’ 
with other devices in the system to interrupt the processor. 


In the SY6522, all the Interrupt Flags are contained in one register. 
In addition, bit 7 of this register will be read as a logic 1 when an 
interrupt exists within the chip. This allows very convenient polling of 
several devices within a system to locate the source of an interrupt. 


Figure H-21: Timer 2 Pulse Counting Mode 
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Figure H-22: SR and ACR Control Bits 
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SR Disabled (000) 


Shift in Under 
Control of T2 (001) 


Shift in Under 
Control of $, (010) 


Shift in Under 
Control of External 
CB1 Clock (011) 
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The 000 mode is used to disable the Shift Register. In this mode 

the microprocessor can write or read the SR, but the shifting operation 
is disabled and operation of CB1 and CB2 is controlled by the 
appropriate bits in the Peripheral Control Register (PCR). In this 
mode the SR Interrupt Flag is disabled (held to a logic 0). 


In the 001 mode the shifting rate is controlled by the low order 


8 bits of T2. Shift pulses are generated on the CB1 pin to control 
shifting in external devices. The time between transitions of this output 
clock is a function of the system clock period and the contents of 

the low order T2 latch (N). 


The shifting operation is triggered by writing or reading the shift 
register. Data is shifted first into the low order bit of SR and is then 
shifted into the next higher order bit of the shift register on the 
negative-going edge of each clock pulse. The input data should 
change before the positive-going edge of the CB1 clock pulse. This 
data is shifted into the shift register during the $, clock cycle following 
the positive-going edge of the CB1 clock pulse. After 8 CB1 clock 
pulses, the shift register Interrupt Flag will be set and IRQ will go 
low. 
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In mode 010 the shift rate is a direct function of the system clock 
frequency. CB1 becomes an output which generates shift pulses for 
controlling external devices. Timer 2 operates as an independent 
interval timer and has no effect on SR. The shifting operation is 
triggered by reading or writing the Shift Register. Data is shifted first 
bit O and is then shifted into the next higher order bit of the shift 
register on the trailing edge of each ¢, clock pulse. After 8 clock 
pulses, the shift register Interrupt Flag will be set, and the output 
clock pulses on CB1 will stop. 
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In mode 011 CB1 becomes an input. This allows an external device 
to load the shift register at its own pace. The shift register counter will 
interrupt the processor each time 8 bits have been shifted in. However, 
the shift register counter does not stop the shifting operation; it acts 
simply as a pulse counter. Reading or writing the Shift Register 
resets the Interrupt flag and initializes the SR counter to count 
another 8 pulses. 


8 


Note that the data is shifted during the first system clock cycle 
following the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle following 
CB1 going high. 


Figure H-23: Shift Register Input Mode 
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Shift Out Free-Running Mode 100 is very similar to mode 101 in which the shifting rate 

at T2 Rate (100) is set by T2. However, in mode 100 the SR counter does not stop 
the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated 
back into bit 0, the 8 bits loaded into the shift register will be 
clocked onto CB2 repetitively. In this mode the shift register 
counter is disabled. 
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Shift Out Under 
Control of T2 (101) In mode 101 the shift rate is controlled by T2 (as in the previous 
mode). However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 
shift pulses are generated on CB1 to control shifting in external 
devices. After the 8 shift pulses, the shifting is disabled, the SR 
Interrupt Flag is set and CB2 remains at the last data level. 
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Shift Out Under 
Control of External 
CB1 Clock (111) 
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In mode 111 shifting is controlled by pulses applied to the CB1 pin 
by an external device. The SR counter sets the SR Interrupt 

flag each time it counts 8 pulses but it does not disable the shifting 
function. Each time the microprocessor writes or reads the shift 
register, the SR Interrupt flag is reset and the SR counter is 
initialized to begin counting the next 8 shift pulses on pin CB1. After 
8 shift pulses, the Interrupt flag is set. The microprocessor can then 
load the shift register with the next byte of data. 
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The Interrupt Flag Register (IFR) and Interrupt Enable Register (IER) 
are depicted in Figures H-25 and H-26, respectively. 


The IFT may be read directly by the processor. In addition, 
individual flag bits may be cleared by writing a ‘‘1’’ into the 
appropriate bit of the IFR. When the proper chip select and register 
signals are applied to the chip, the contents of this register are 
placed on the data bus. Bit 7 indicates the status of the IRQ output. 
This bit corresponds to the logic function: IRQ = IFR6xIER6 +IFR5x 
IER5 + IFR4xlIER4 + IFR3xlIER3 + IFR2xIER2 +IFR1xlER1 +IFROxIERO. 
Note: X = logic AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, this bit is not directly 

cleared by writing a logic 1 into it. It can only be cleared by clearing 


all the flags in the register or by disabling all the active interrupts as 
discussed in the next section. 


Figure H-25: Interrupt Flag Register (IFR) 
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* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE 
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED 
PREVIOUSLY. 


For each Interrupt Flag in IFR, there is a corresponding bit in the 
Interrupt Enable Register. The system processor can be set or clear 
selected bits in this register to facilitate controlling individual interrupts 
without affecting others. This is accomplished by writing to address 
1110 (IER address). If bit 7 of the data placed on the system data 
bus during this write operation is a 0, each 1 in bits 6 through 0 
clears the corresponding bit in the Interrupt Enable Register. For 
each zero in bits 6 through 0, the corresponding bit is unaffected. 


Setting selected bits in the Interrupt Enable Register is accomplished 
by writing to the same address with bit 7 in the data word set to a 
logic 1. In this case, each 1 in bits 6 through 0 will set the 
corresponding bit. For each zero, the corresponding bit will be 
unaffected. This individual control of the setting and clearing 
operations allows very convenient control of the interrupts during 
system operation. 


In addition to setting and clearing IER bits, the processor can read 
the contents of this register by placing the proper address on the 
register select and chip select inputs with the R/W line high. Bit 7 
will be read as a logic 0. 


“igure H-26: Interrupt Enable Register (IER) 


REG 14 — INTERRUPT ENABLE REGISTER 


ERRREBEE 


| = 7 
CAI 
SHIFT REG 
cB2 0 = INTERRUPT DISABLED 
CBI [ 1= INTERRUPT ENABLED 


TIMER 2 


TIMER 1 


SET/CLEAR 


NOTES: 

1. 1F BIT 71S A“0", THEN EACH “'1" IN BITS 0 - 6 DISABLES THE 
CORRESPONDING INTERRUPT. 

2.1F BIT71SA ‘1, THEN EACH “1 IN BITS 0 - 6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3. IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE "0" AND 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE. 
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PACKAGE OUTLINE 


40 


SS 
oN 
+ por on NoTcH 


TO LOCATE 
PINNO 1 


2:G20 max 
15130 mmi 


(58) 022 
oie 
1.910 (48 51mm) 


1890 (4800 mm} 


19 EQUAL SPACES 
100 G TOL NONCUM 
(2 64 mmi 


Tye 


ai 


ORDERING INFORMATION 


100 on 
12 Sdams 


soo O10 aun 


(25mm 


NOTE Pin No 1:5 in tower left corner when 
symbolization 15 in normal onentation 


10 Mesa Order Package Frequency 
bi Number Type Option 
i: : Paachbct icc deaeee see A i ee 
oT 4 SYP 6522 Plastic 1 MHz 
600 max WS 67+ 625 9 - 
Vig Dua syn $95 SYP 65224 Plastic 2 MHz 
. t SYC 6522 Ceramic 1 MHz 
Secs 
! SYC 6522A Ceramic 2 MHz 
165 max 
— i393 mm) 
WO max 
14 $2mm 
1 + t 
4 wot S10.03% 
iS oe i i ele 
mee ‘ 


PIN CONFIGURATION 


SY6522 


1.1 8086 REGISTER 
MODEL 


Appendix | ASSEMBLY LANGUAGE REFERENCE DATA 


AX: ACCUMULATOR — 
BX: BASE = 
CX: COUNT as a 
Dx: DATA roo 
oy LW 
Lie 
SP STACK POINTER me 
BP BASE POINTER oO 
S| SOURCE INDEX a 

DI DESTINATION INDEX _| 

IP INSTRUCTION POINTER 

FLAGSH FLAGSL| STATUS FLAGS 

Lu 
zm 
CODE SEGMENT ae 
DATA SEGMENT wt 
STACK SEGMENT cir 
EXTRA SEGMENT La 6 
om 


Instructions which reference the flag register file as a 16-bit object 
use the symbol FLAGS to represent the file: 


15 7 0) 
XM X-OF DE IE TPP Zr Ar x PE CP. 


X = Don't care 


AF: AUXILIARY CARRY—BCD 
CF: CARRY FLAG 

PF: PARITY FLAG 8080 FLAGS 
SF: SIGN FLAG 

ZF: ZERO FLAG 


8080 FLAGS 


DF: DIRECTION FLAG (STRINGS) 
IF; INTERRUPT ENABLE FLAG 
OF: OVERFLOW FLAG (CF ® SF) 
TF: TRAP—SINGLE STEP FLAG 


8086 FLAGS 
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1.2 OPERAND 
SUMMARY 


1.3 SECOND 
INSTRUCTION BYTE 
SUMMARY 
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“REG” FIELD BIT ASSIGNMENTS 


16-BIT(W=1) 8-BIT(W=0) SEGMENT 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 DL 10 SS 
011 BX 017 BL TDS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
117 Dl 111 BH 


| mod xxx r/m_ | 


MOD | DISPLACEMENT 


00 DISP=0*; disp-low and disp-high are absent 


01 DISP=disp-low sign-extended to 16-bits, disp-high is absent 


10 DISP=disp-high:disp-low 


11 r/m is treated as a “reg” field 

DEFAULT 
R/M OPERAND ADDRESS SEGMENT 
000 (BX) + (SI) + DISP DS 
001 (BX) + (DI) + DISP DS 
010 (BP) + (SI) + DISP Ss 
011 (BP) + (DI) + DISP SS 
100 (Sl) + DISP DS 
101 (Dl) + DISP DS 
110 (BP) + DISP* SS 
V0 (BX) + DISP DS 


DISP follows 2nd byte of instruction (before data if required). 
“except if mod=00 and r/m=110; then EA=disp-high: disp-low. 


OPERAND ADDRESS (EA) TIMING (CLOCKS): 
Add 4 clocks for word operands at ODD ADDRESSES. 
Immed offset=6 
Base (BX, BP, SI, Dl)=5 
Base + DISP=9 


Base + index 
Base + index 
Base + index 


( 
( 
( 
( 


BP + Di, BX + Sl) 
BP + SI, BX + Dl) 
BP + DI, BX + Sl) 

) 


Base + index (BP + SI, BX + DI 


+ DISP=11 
+ DISP=12 
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1.4 MEMORY 
SEGMENTATION 
MODEL 


5 INSTRUCTION 


SET DATA 


7 ) 
LOGICAL f AUER REEN 
MEMORY SPACE = 
: i | 
| 
each CODE SEGMENT 
7 
{ | 
pats — XXXXOH 


L- STACK SEGMENT 


otf 
OFFSET 
ADDRESS 


1 
SELECTED t- DATA SEGMENT 


SEGMENT 
REGISTER 
ie! 
CS, $$, DS, ES 
OR NONE 
FOR VO, INT 
4 
i 
i. EXTRA DATA 
| SEGMENT 
J 
C0 00004 


SEGMENT OVERRIDE PREFIX 


G70. RBG. =e 


Timing: 2 clocks 


USE OF SEGMENT OVERRIDE 


OPERAND REGISTER DEFAULT | WITH OVERRIDE PREFIX 
IP (code address) CS Never 
SP (stack address) Ss Never 
BP (stack address or 
stack marker) SS BP + DS, or ES, or CS 
SI or DI (not incl. strings) DS ES, SS, or CS 
SI (implicit source addr. 
for strings) DS ES, SS, or CS 
DI (implicit dest. addr. 
for strings) ES Never 
Section |.5.2 presents instuction set data, grouped by function. Section 


9 provides an alphabetic index to the data. 
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15.1 KEY TO FLAG The following key refers to the flag sections in the instruction set data 
EFFECTS in Section 1.5.2. 


FLAG EFFECT KEY 
IDENTIFIER EXPLANATION 


(blank) Not altered 
0 Cleared to 0 
1 Set to 1 
X Set or cleared according to result 
U Undefined—contains no reliable value 
R Restored from previously-saved value 
ee 
1.5.2 DATA 
TRANSFER 
MOV=Move Flags: O DITS ZAP C 


Register/memory to/from register 


100010dwt{mod reg r/m | 


Timing (clocks): register to register 2 
memory to register 8+EA 
register to memory 9+EA 


Immediate to register/memory 


1100011w |mod 000 rm 


Timing: 10+EA clocks 


Immediate to register 


1011w reg data if w=1 


Timing: 4 clocks 


Memory to accumulator 
[1010000w addrlow | —_addr-high 


Timing: 10 clocks 


Accumulator to memory 
101000tw] addr-low | __addr-high _| 


Timing: 10 clocks 


Register/memory to segment register 


10001110 [mod 0 reg r/m 


Timing (clocks): register to register 2 
memory to register 8+EA 


Segment register to register/ memory 
[4 0001100 [mod 0 reg rim 
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PUSH=Push 


POP=Pop 


XCHG=Exchange 


IN=Input to AL/AX 
from 


Timing (clocks): register to register 
register to memory 


Flags O DITSZAPC 


Register/memory 
[11111111 [mod110 rim_| 


Timing (clocks): register 


memory 
01010 reg 


Timing: 10 clocks 
Segment register 


000reg 110 


Timing: 10 clocks 
Flags O D ITS ZAP C 


Register/memory 


[10001111 [mod000 rim | 


Timing (clocks): register 
memory 


Register 


01011 reg 


Timing: 8 clocks 


Segment register 
Timing: 8 clocks 
Flags “OD 4-T S 2 AP oG 


Register/memory with register 
[1000011 w |mod reg. sor/m 


Timing (clocks): register with register 
memory with register 


Register with accumulator 


10010 reg 


Timing: 3 clocks 


Flags (OD oh Sa ALPS 1G 


Fixed Port 


1110010w| | port | 
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9+EA 


10 
16+EA 


17+EA 


4 
17+EA 
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OUT=Output from 
AL/AX to 


XLAT=Translate Byte 
to AL 


LEA=Load EA to 
Register 


LDS=Load Pointer to 
DS 


LES=Load Pointer to 
ES 


LAHF=Load AH with 
Flags 


SAHF=Store AH into 
Flags 
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Variable port (DX) 


1110110w 


Timing: 8 clocks 


Flags) O D 


SZ Ae RY 


Fixed Port 


[1110011w] port 


Timing: 10 clocks 


Variable port (DX) 


1110111w 


Timing: 8 clocks 


Flags O D ITS ZAP C 


11010111 


Flags O DITSZAPC 


rOOOT 101 [mod grim] 


Flags (O.D 3) oT GS. FIPS 2S 


11000101 |mod reg rim _] 


Flags O D!TS ZAP C 


i7000100 [mod reg Tim | 


Flags! 0: 38: 4 oT oS -Z A. Poe 


10011111 


Flags O D | T 


Timing: 4 clocks 


All mnemonics ®Intel Corporation 1981. 


PUSHF=Push Flags Flags O DI! TS ZA PC 


10011100 


Timing: 10 clocks 


POPF=Pop Flags Flags O DITS ZAP C 
ROR MAUR RR OR RR 
Timing: 8 clocks 
1.5.3 ARITHMETIC 
ADD=Add Flags O DITS ZAPC 
xX X X X X X 


Reg./memory with register to either 


0000004 w|mod reg. sor/m | 


Timing (clocks): register to register 3 
memory to register 9+EA 
register to memory 16+EA 


Immediate to register/ memory 
100000sw|modo00 r/m 


Timing (clocks): immediate to register 4 
immediate to memory 17+EA 


Immediate to accumulator 
ooooo0t10w|] data | __—dataifw-1_| 


Timing: 4 clocks 


ADC=Add with Carry Flags O D | TS ZA PC 
X X X X X X 


Reg./memory with register to either 


000100dwymod reg r/m 


Timing (clocks): register to register 3 
memory to register 9+EA 
register to memory 16+EA 


Immediate to register/memory 


100000sw{mod010 r/m data data if s:‘w=01 


Timing (clocks): immediate to register 4 
immediate to memory 17+EA 
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Immediate to accumulator 


0001010w| data | data if w=1 


Timing: 4 clocks 


INC=Increment rigs: 205 Dd) SE SZ AR ROG 
x X X X X X 
Register/ memory 
[1 ttttttw]mod000 r/m 
Timing (clocks): register 2 
memory 15+EA 
Register 
Timing: 2 clocks 
AAA=ASCII Adjust for Flags O D | T S ZAP C 
Add U Ud Xe Ws oX 
Timing: 4 clocks 
DAA=Decimal Adjust Flags O D ITS ZAP C 
for Add xX X X X XK X 
Timing: 4 clocks 
SUB=Subtract Flags: OD: Wb oT SZ A PG 
X X X X X X 
[o01010dw|mod reg r/m 
Timing (clocks): register from register 3 
memory from register 9+EA 


register from memory = 16+EZ 


Immediate from register/memory 
[100000sw |modiot rim | data [| __dataif s:w-01 | 


Timing (clocks): immediate from register 4 
immediate from memory 17+EA 


Immediate from accumulator 
foo10110w| data | data ifwol | 


Timing: 4 clocks 
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SBB=Subtract with 
Borrow 


DEC=Decrement 


NEG=Change Sign 


CMP=Compare 


Flags O D I T §$ 
x x 


[0001104 w |mod req or/m | 


Timing (clocks): register from register 
memory from register 
register from memory 


Immediate from register/memory 


3 
O+EA 
16+EA 


[100000 sw|modoti rim | data 


[ data if s:w-01 


Timing (clocks): immediate from register 


4 


immediate from memory 17+EA 


Immediate from accumulator 


[o001110w| data | __dataifw-1 | 


Timing: 4 clocks 


Flags O D | T S 
x X 


Register/memory 


[ritiitiw mod001 r/m 


Timing (clocks): register 
memory 


Register 
01001 reg 


Timing: 2 clocks 


Flags. ‘O° Dr Wa os 
x x 


“0 if destination=0 


[1111011w|mod011 rim | 


Timing (clocks): register 
memory 
Flags O D ITS ZA PC 
X X X X XK X 
Register/memory and register 


[oo1110dw {mod reg rim | 


Timing (clocks): register with register 
memory with register 
register with memory 
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15+EA 


16+EA 


3 
9+EA 
9+EA 
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Immediate with register/memory 


[100000s w|modi 11 r/m data | data if s:w=01 


Timing (clocks): immediate with register 4 
immediate with memory 17+EA 


Immediate with accumulator 


foott1i0w| data | __ data if w=1 


Timing: 4 clocks 


AAS=ASCII Adjust for Flags O D ! TS ZAP C 
Subtract U UU XK U X 
a ee ee 
Timing: 4 clocks 
DAS=Decimal Adjust Flags O D|I|TS ZAP C 
for Subtract U X X X X X 
00101111 | 
Timing: 4 clocks 
MUL=Multiply Flags O° D. I) OE Si eZ A PE 
(Unsigned) X U U U U xX 
Timing (clocks): 8-bit 71+EA 
16-bit 124+EA 
IMUL=Integer Multiply Flags O D | T S ZA PC 
(Signed) X UU U U X 
1111011w|]mod101 r/m_| 
Timing (clocks): 8-bit 9O0+EA 
16-bit 144+EA 
AAM=ASCII Adjust for 
Multiply Flags: © Det TS oZ A Peo 
U Xx X® UX YU 


11010100 [00001010 | 


Timing: 83 clocks 


DIV=Divide Flags O D | TS ZA PC 
(Unsigned) U U UU UU 
1111011w mod110 rim | 
Timing (clocks): 8-bit 90+EA 
16-bit 155+EA 
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IDIV=Integer Divide Flags O D! TS ZA PC 
(Signed) U Wn. ie 
[ti 1104 tw]modt11 rm 
Timing (clocks): 8-bit 112+EA 
16-bit 177+EA 


AAD=ASCII Adjust for Flags O D | T S ZAP C 
Divide U ee Ke SL 


11010101 [00001010 | 


Timing: 60 clocks 


CBW=Convert Byte to Flags O D | TS ZAP C 


Word 
10011000} 


Timing: 2 clocks 


Flags O DITS ZAP C 
CWD=Convert Word 


to Double Word [voo11001 | 


Timing: 5 clocks 


1.5.4 LOGIC 


NOT=Invert Flags O D1fITS ZAP C 
Timing (clocks): register 3 
memory 16+EA 
SHL/SAL= Shift Flags: -O “Dy 1) T S28 AL Pe 
Logical/Arithmetic X Xx ee ip 
nett [110100vw|modi00 rim | [ek [| ke 
Timing (clocks): single-bit register 2 
single-bit memory 15+EA 
variable-bit register 8+4/bit 
variable-bit 
memory 20+EA+4/bit 
SHR=Shifi Logicai Flags®:.O" Dl) TiS: 2 A. Po 6 
Right x x MSB LSB 
[110100vw |mod101 tim | --( [TT] Pe] 
Timing (clocks): single-bit register 2 
single-bit memory 15+EA 
variable-bit register 8+4/bit 
variable-bit 
memory 20+EA+4/bit 
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SAR=Shift Arithmetic 
Right 


ROL=Roiate Left 


ROR=Rotate Right 


RCL=Rotate Through 
Carry Left 


RCR=Rotate Through 
Carry Right 
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Flags O D ITS ZA PC 
xX Ke ee Ue Oe 
MSB LSB 
[110100vw|modtt1 rm fel bc | 
Timing (clocks): single-bit register 2 
single-bit memory 15+EA 
variable-bit register 8+4/bit 
variable-bit 
memory 20+EA+4/bit 
Flags He cDe Us se. Ze cae iP AG 
x x 
MSB LSB 
[110100vw |mod000 r/m | [ck een | a 
Timing (clocks): single-bit register 2 
single-bit memory 15+EA 
variable-bit register 8+4/bit 
variable-bit 
memory 20+EA+4/bit 
Flags O DI! TS ZAP C 
X X MSB LSB 
ee 
Timing (clocks): single-bit register 2 
single-bit memory 15+EA 
variable-bit register 8+4/bit 
variable-bit 
memory 20+EA+4/bit 
Flags O DiTS ZAPC 
X MSB LSB 
pert 
Timing (clocks): single-bit register 2 
single-bit memory 15+EA 
variable-bit register 8+4/bit 
variable- bit 
memory 20+EA+4/bit 


Flags: <0 .D- 4-T Ss ZoAP CS 
Xx x MSB LSB 

[110100vw|modo1i rim | pee ee 
Timing (clocks): single-bit register 2 

single-bit memory 15+EA 

variable-bit register 8+4/bit 

variable-bit 

memory 20+EA+4/bit 
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AND=And 


TEST=And Function 
to Flags, No Result 


OR=Or 


Flags; O° Dol T Se2 APG 
O xX X U X O 
Reg./memory and register to either 


[001000dw|mod reg rim | 


Timing (clocks): register to register 
memory to register 
register to memory 


immediate to register/memory 


1000000w|mod100 rim | data 


Timing (clocks): immediate to register 


immediate to memory 


Immediate to accumulator 


4 
17+EA 


[oo10010w| data data if w-1_| 


Timing: 4 clocks 


Flags O D | T 


S ZA 
O X X U 


Ee 
m°) 
Register/memory and register 


1000010w [mod reg im _| 


Timing (clocks): register to register 
register with memory 


Immediate data and register/memory 


iit O1 iw [mod 00 am 


Timing (clocks): immediate with register 


3 
9+EA 


4 


immediate with memory 10+EA 


Immediate data and accumulator 


1010100w | data af data if w-1 


Timing: 4 clocks 


Flags O D ITS ZA 
X XxX U 


P © 
O xX O 


Reg./memory and register to either 


[o00010dw mod reg rim_ | 


Timing (clocks): register to register 
memory to register 
register to memory 


All mnemonics ®Intel Corporation 1981. 


235 


Immediate to register/ memory 


[1.000000w |modo01 rim | data | dataitw-1 


Timing (clocks): immediate to register 4 
immediate to memory 17+EA 


Immediate to accumulator 


oo00110w|  data_—|~—dataifw-1_ | 


Timing: 4 clocks 


XOR=Exclusive Or Flags; O81 ob ss 
O x 


Reg./memory and register to either 


[001100d w |mod reg. r/m | 


Timing (clocks): register to register 3 
memory to register 9+EA 
register to memory 16+EA 


Immediate to register/ memory 


(000000w [mooi 10 4im 


Timing (clocks): immediate to register 4 
immediate to memory 17+EA 


Immediate to accumulator 


Timing: 4 clocks 


1.5.5 STRING 


MANIPULATION 
REP=Repeat Flags. “OD A) oT Sr 2 “Ay Pe °C 
[11110012 | 


Timing: 6 clocks/loop 


MOVS=Move String Flagss O° (Det) To 8.2 ACP OC 


1010010w | 


Timing: 17 clocks 


CMPS=Compare Riggs, -O.1D TT eS. Zo A SPA 
String Xx X X X X X 
[1010011 w | 


Timing: 22 clocks 
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SCAS=Scan String 


LODS=Load String 


STOS=Store String 


1.5.6 CONTROL 
TRANSFER 


CALL=Call 


JMP=Unconditional 
Jump 


Flags. O Del T -S 2 ACP GC 
X 


[ioto1iiw | 


Timing: 15 clocks 


Fiags O Dot TS ZAP CO 


1010110w 


Timing: 12 clocks 


Flags O D!I!TS ZAP C 


1010101w 


Timing: 10 clocks 


NOTE: Queue reintialization is not included in the timing information 
for transfer operations. To account for instruction loading, add 8 


clocks to timing numbers. 
Flags O DITS ZAP C 


Direct within segment 
11101000] — disp-low | __disp-high 


Timing: 11 clocks 


Indirect within segment 


11111111 ]mod010 r/m | 


Timing: 13+EA clocks 


Direct intersegment 


[10011010 [____ offset-low | __offset-high 
| seg-low | seg-high | 


Timing: 20 clocks 


Indirect intersegment 
(11111111 [modo11 tim | 


Timing: 29+EA clocks 
Flags: O'Dea) a 65-22 A, IP oe 


Direct within segment 
| 11101001 disp-low Hs disp-high | 


Timing: 7 clocks 
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RET=Return from 
CALL 


JE/JZ=Jump on 
Equal/Zero 
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Direct within segment-short 


Late gota | disp 


Timing: 7 clocks 


Indirect within segment 
[11111111[mod100 r/m | 


Timing: 7+EA clocks 


Direct intersegment 


[11101010] _ offsetiow | _ offset-high | 
seg-low i seg-high | 


Timing: 7 clocks 


Indirect intersegment 


tae ace mod 101 r/m 


Timing: 16+EA clocks 


Flags. Ons Po Zo SAP oe 


Within segment 


11000011 


Timing: 8 clocks 


Within seg. adding immediate to SP 


Timing: 12 clocks 


Intersegment 


11001011 


Timing: 18 clocks 


Intersegment, adding immediate to SP 
[11001010] data-low | data-high | 


Timing: 17 clocks 


Flags O Dot TOS 2 AP CG 


[01110100] disp _—i 


Timing (clocks): jump is taken 
jump is not taken 
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JL/JNGE=Jump on 
Less/Not Greater or 
Equal 


JLE/JNG=Jump on 
Less or Equal/Not 
Greater 


JB/JNAE=Jump on 
Below/Not Above or 
Equal 


JBE/JNA=Jump on 
Below or Equal/Not 
Above 


JP/JPE=Jump on 
Parity/Parity Even 


JO=Jump on 
Overflow 


JS=Jump on Sign 


JNE/JNZ=Jump on 
Not Equal/Not Zero 


Flags O DIT S ZA P 


for1i11100] disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags O DITS ZAP 


(oat a0 disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags O DI!ITS ZAP 


[o1110010] disp _| 


Timing (clocks): jump is taken 
jump is not taken 


Flags O D ITS ZAP 
[o1ii10110] disp 


Timing (clocks): jump is taken 
jump is not taken 


Flags: “QB: bo 28-2 AG UP 


Timing (clocks): jump is taken 
jump is not taken 


Flags. O° D: } “T <8. ZAP 


01110000) disp 


Timing (clocks): jump is taken 
jump is not taken 


Flags: O DITS ZAP 


[oi111000] disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags O DI!ITS ZAP 


for110101] disp | 


Timing (clocks): jump is taken 
jump is not taken 
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JNL/JGE=Jump on 
Not Less/Greater or 
Equal 


JNLE/JG=Jump on 
Not Less or 
Equal/Greater 


JNB/JAE=Jump on 
Not Below/Above or 
Equal 


JNBE/JA=Jump on 
Not Below or 
Equal/Above 


JNP/JPO=Jump on 
Not Parity/Parity Odd 


JNO=Jump on Not 
Overflow 


JNS=Jump on Not 
Sign 


LOOP=Loop CX 
Times 
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Flags: "ODT =Se Zo AP 


[o1i11101] disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags O DIT S ZA P 
oor pts disp | 


Timing (clocks): jump is taken 
jump is not taken 


OE J 
[or11i0011]7 


T S ZA P 
disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags: 


Flags O DITS ZAP 


[ort1o111] disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags O DItTS§S& ZAP 


01111011 | disp | 


Timing (clocks): jump is taken 
jump is not taken 


Flags O DIT S ZA P 


01110001 | disp | 


Timing (clocks): jump is taken 
jump is not take 


O DB!ITS ZA P 


01111001 disp 


Timing (clocks): jump is taken 
jump is not taken 


Flags: 


Flags O DttTSs ZAP 
[11100010] disp | 


Timing (clocks): jump is taken 
jump is not taken 
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LOOPZ/LOOPE=Loop flags O D | TS ZAP C 


While Zero/Equal 
11100001 | disp | 


Timing (clocks): jump is taken 11 
jump is not taken 


LOOPNZ/LOOPNE=Loop Flags O D!|TS ZAP C 
While Not Zero/Not 


Equal [11100000 | disp 


Timing (clocks): jump is taken 11 
jump is not taken 5 
JCXZ=Jump on CX Flags O D!ITS ZAP C 
Zero 
[11100011] disp 
Timing (clocks): jump is taken 9 
jump is not taken 5 
8086 Conditional Transfer Operations 
INSTRUCTION CONDITION INTERPRETATION 
ARS 

JE or JZ ZF=1 “equal” or “zero” 

JL or INGE (SR xor OF)=1 “less” or “not greater or equal’ 

JLE or JING ((SP xor OF) “less or equal” or “not greater’ 

or ZF)=1 

JB or JNAE CF=1 “below” or “not above or equal” 

JBE or JNA (CF or ZF)=1 “below or equal” or “not above” 

JP or JPE PF=1 “parity” or “parity even" 

JO OF=1 “overflow” 

JS SF=1 “sign” 

JNE or JNZ ZF=0 “not equal” or “not zero” 

JNL or JGE (SF xor OF)=0 “not less” or “greater or equal’ 

JNLE or JG ((SF xor OF) or “not less or equal” or ‘greater’ 

ZF)=0 

JNB or JAE CF=0 “not below” or “above or equal” 

JNBE or JA (CF or ZF)=0 “not below or equal” or “above” 

JNP or JPO PF=0 “not parity” or “parity odd” 

JNO OF=0 “not overflow” 

JNS OF=0 “not sign” 

NOTE: “Above and below” refer to the relation between two 
unsigned values, while “greater” and “less” refer to the 
relation between two signed values. 

INT=Interrupt Flags) O D TS: +2. Ao PA 


| 
OO 
Type specified 
[11001101 | type ] 


Timing: 50 clocks 


All mnemonics =Intel Corporation 1981. 
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Type 3 


11001100 


Timing: 51 clocks 


INTO=Interrupt on Flags: O D 1 FS 2A. POS 
Overflow Ome) 
11001110 | 
Timing: 52 clocks if pass 4 clocks if fail 
IRET=Interrupt Return Flags O D |! T S ZA PC 
Pt. Rete SROs Ae GR SE dt 
11001111 
Timing: 24 clocks 
1.5.7 PROCESSOR 
CONTROL 
CLC=Clear Carry Flags: Or i hi > Se 2A cP 
’ 
Timing: 2 clocks 
STC=Set Carry Flags: sale ee > Be Zo eA PS 
1 
Timing: 2 clocks 
CMC=Complement Flags: O° lvl & 2 ASP 6G 
Carry X 


tit TO 04 


Timing: 2 clocks 


NOP=No Operation Flags O DtITS ZAP C 
10010000 | 


Timing: 3 clocks 


CLD=Clear Direction Flags O D ! T S$ ZAP C 
O 


[11111100 | 


Timing: 2 clocks 


All mnemonics ©intei Corporation 1981. 
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STD=Set Direction 


CLI=Clear Interrupt 


STl=Set Interrupt 


HLT=Halt 


WAIT=Wait 


LOCK=Bus Lock 
Prefix 


ESC=Escape (To 
External Device) 


Flags O D ITS ZAP 
1 


171117101 


Timing: 2 clocks 


Lut 


riage: VO oD ill 7 B.-2. A P 
O 


11111010 | 


Timing: 2 clocks 


Flags. O D- 1 T S 2 A. P 


11141011 | 


Timing: 2 clocks 


es 


Flags O DtItTS ZA P 


11110100 


Timing: 2 clocks 


+ 
ep) 
N 
> 
vU 


Flags) O D 


100110141 


Timing: 3 clocks 


Flags: QO) (De) “Fa2$o 2° Ac eP 


11110000 


Timing: 2 clocks 


Timing: 7+EA clocks 


All mnemonics ®tntel Corporation 1981. 
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NOTES: 

If d=1 then “to”; if d=0 then “from.” 

if w=1 then word instruction; if w=0 then byte instruction. 

If sw=01 then 16 bits of immediate data form the operand. 

If s:w=11 then an immediate data byte is sign extended to form the 
16-bit operand. 

If v=0 then “count’=1; if v=1 then “count” in (CL). 

X=don't care. 

Z is used for some string primitives to compare with ZF FLAG. 

AL=8-bit accumulator. 

AX=16-bit accumulator. 

CX=Count register. 

DS=Data segment. 

DxX=Variable port register. 

ES=Extra segment. 

Above/below refers to unsigned value. 

Greater=more positive signed values. 

Less=less positive (more negative) signed values. 

See section |.2 for Operand summary. 

See section |.4 for Segment Override summary. 


1.6 PROCESSOR Flags=0000H (to disable interrupts and single-stepping) 
RESET REGISTER 
INITIALIZATION CS=FFFFH (to begin execution at FFFFOH) 
IP=0000H 
DS=0000H 
SS=0000H 
ES=0000H 


No other registers are acted upon during reset. 


L7 8088 RESERVED INTERRUPT —= LOCATION FUNCTION 


LOCATIONS 
0 OOH-03H Divide by zero 
1 04H-07H Single step 
2 08H-0BH Non-maskable interrupt 
3 OCH-OFH One-byte interrupt instruction 
4 10H-13H Interrupt on overflow 


Interrupt Pointer Table 


INTERRUPT TYPE VECTOR 
x 4{S LOCATION FOR 
ADDRESS OF INTERRUPT 
SERVICE ROUTINE 


All mnemonics ©Inte! Corporation 1981 
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1.8 8088 NOTES: 


INSTRUCTION SET b=byte operation m=memory 

MATRIX d=direct r/m=EA is second byte 
f=from CPU reg si=short intrasegment 
i=immediate sr=segment register 
ia=immed. to accum. t=to CPU reg 
id=indirect v=variable 
is=immed. byte, sign ext. w=word option 
'=long ie. intersegment Z=zero 


1.9 MNEMONIC 


INDEX 
Mnemonic Page Mnemonic Page Mnemonic Page 
PAR ies tense tate vd Gt ile Meads Soe MOV on. 
AAD oo... i) Ci uaenr en ee necener OS sn iccatectees ates 
AAM nw. | a er ere en IM. Seticnctecuttades 
AAS cee 0] h Sone een NEG oo. 
ADC: 225k IMPS -pncukche te NOP ewes: 
7D) D laneeeer ee veenreere INAS poxeniasaaccuntine NOT) Sac seteqcenta ces 
lh Deo eee JNAE on, OA teceste mata 
CAGE. iasesaheemiznens IEE sehSuosietivace) OUT oo... 
CBW Saris este nie: INBE. sateet ce POPS oiuid nbs conic. 
CLC). crScharga creates HINES: Gi vinoiataasathsnns ROP Casqatiecas 
G5 oranece neem UNG hk55 tee PUSH ow. 
© DEMe Sree nen UI ee ha Saree PAISEIP = ares geon dare 
CMG: st toatin ees Yh: | oper eaters cee a ee ene are Te 
CMP a reeatenessecetes PINE Et teusiem FAG: ciate vince dentss 
CMPS. .........0.0.. CIN 02 reas pnceates RIEP® s.cuscicncaiedund 
CWD 5, oie ved. cS | aie meen RED ttuccn see ots 
DAA ....ccceee GINS ativsconsspritiaas PRO eat dione ies 
DAS siccianetrcsatetes IZ: ak inzsoimitedanas PRO sate ttt 
DEG housed nd © eee terre eee SATE sax aaendeosgtpse 
2 5 mee eee ae IPS sakes etal SAL esistdnccetereleses 
BOO eauavacstuen el ee Ne SAR sich dedetaadelaate 
PAGAL round seinieeae PO xc teeatc tesniueds S12 |= ee neeeen gees 
IODINE Sczscehecaeet seas Or stexttcet ites SAO! sana deansndssvane 
IMUL Lo. IL. tev sicartac tions 2 71 Dare rere re 
Ly Serer crease? LAHF ou. SHR oo. 
WINE acre eae LED eidahesttenieey on § Caan earner 
INT. Sascenomaaden dhs: LBA cleats aici Heats STDS y.cvecaccesicens 
INTO wohetsey evscees’ LES) ucatodete beige SH? ed tewestedecnat hs 
lel =) per near ere SOI shure ncedins SILOS! thdencteed 
Ain edsetetoniiscaattags. LODSisikeviaicys SUB? 26 cee 
AE ntcteehetemteneaes Eo 1@ | oapeerer ty eee DES Tis cesscrakacas 
| ca neem epee LOO PE acteng cash WAIT oo. 
UB ES ot eked, LOOPNE .......... XCHG oo. 
OL rates nila oclngs LOOPNZ.......... MEAT fected: 
Ailes chert asiocaMentntaas HOOP Lose sos ahae KOR osktaie vena: 
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Appendix J SAMPLE SIRIUS 1 SOFTWARE DRIVERS 


SIRIUS Systems Technology, Inq. 


{c) 1982 S-l Hardware 


Example software drivers for S-l Hardware 


SERIES-III PL/M~86 V1.0 COMPILATION OF MODULE HARDWARE 


NO OBJECT MODULE REQUESTED 
COMPILER INVOKED BY: 


STITLE 
SSUBTITLE 


('SIRIUS Systems Technology, 
(‘Example software drivers for S-l Hardware’) 


P.86 TEMP.SRC OPTIMIZE(3) PAGELENGTH (42) PAGEWIDTH (109) 


Inc. (c) 


04/01/82 


1982 S-l Hardware') 


J RRR RRR RRR KR KK IKI RK RK IK IK RK RK EK IR ER EIR KKK KKK KEKE KER RK KER ERK 


* 


embodying 


or in 
system 


+e ee FF HF HH HF HH OH HK HH OH 


PL/M-86 COMPILER 


information, 
reproduced or transmited in any form or by any means; 
mechanical, or otherwise; 
connection 
without the permission 


Copyright notice: 


Proprietary Rights Notice: 
contains the 
Sirius Systems Technology, 
of Scotts Valley, 


substantial 


An unpublished work by: 


Sirius Systems Technology, 


valuable 
California, 


ideas, and 


with 


Copyright (c) 


All rights reserved. This material 
properties and trade secrets of 
Inc. (SIRIUS) 

USA. 
creative efforts and confidential 
expressions; no part of which may be 


including photo copying and 
any information storage or 
in writing from SIRIUS. 


1982 


Inc. 


380 El Pueblo Road 
Scotts Valley, California 95066 


SIRIUS Systems Technology, 


Inc. (c) 1982 S-1 Hardware 


Example software drivers for S-1 Hardware 


Seject 
SSMALL ROM 


1 Hardware: do; 


Declare dcl 

3 L Del Lit 

4 L Del addr 
ext 
init 
intg 
proc 
ptr 
pub 
rent 
ret 
struc 
boolean 
true 
false 


PL/M-86 COMPILER 
KB: Hardwar 


literally 'declare'; 
literally ‘literally'; 
lit ‘address', 
lit 'external', 
lit ‘initial', 
lit ‘integer', 
Lit ‘procedure’, 
2Et 'pointer', 
lit ‘public’, 
lit ‘reentrant’, 
lit ‘return', 
lit 'structure', 
lit 'byte', 

lit ‘OFFH', 

lit ‘OOO00H'; 


STRIUS Systems Technology, 


e bit defs 


Inc. (c) 1982 S-1 Hardware 


Ssubtitle('KB: Hardware bit defs') 


5 1 dcl SRS$intbit 

6 1 dcl SR$enable 

7 1 dcl CBl$intbit 

8 1 dcl CB1$pos_edge 
9 L dcl kbS$databit 
10 L del kb$ackctl 

il 1 dcl kbSTIMEOUT 
12 1 dcl timerl_ena 


electronic, 


recording 


* 
* 
* 
* 
* 
* 
* 
* 
* 
retrieval * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


RRR KERR KEK KKK KEKE KKK ERK KR KEKE K ER KR KEK KEKE KERR KK KR KEKE KE KEK KEKE KE KKKEKEEE / 
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04/01/82 


7* KB ACK control for 6522 output 
/* error timeout in milliseconds 


Lit '4'; 

Lit 'Och'; 

lit '1l0h'; 

lit '10h'; 

lit '40h'; /7* KB DATA level 
Late 12? 4 

lit '300'; 

Lit "Oedh'; 


PAGE 


PRINT (:F4:HW.LS) NOOBJECT 


PAGE 


PAGE 


/* KB shift register interrupt mask in6522 IER/IFR */ 
/* KB shift register enable in 6522 ACR */ 

/* KB RDY edge-sense interrupt mask 6522 PCR */ 

/* KB RDY edge-sense control in 6522 PCR */ 


/* timer 1 interrupt mask in 6522 IER/IFR */ 


a 


2 


3 
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PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 


KB: Hardware bit defs 


Seject 


/* KYBRD PORT (e€8040..e804f) */ 


13 1 Q@cl via(1l6) struc{ /* 6522 port organization */ 
RB byte, 
RA byte, 
DDRB byte, 
DDRA byte, 
TIMER] word, 
TIMERIL word, 
TIMER2 word, 
SR byte, 
ACR byte, 
PCR byte, 
IFR byte, 
IER byte, 
RAX byte) at(0e8000h); 
14 1 dcl kb$state byte; /* current state of keyboard stateware */ 
15 1 dcl kb$data byte; /* constructed data from keyboard */ 
/* nybble convert table for inverted shift reg */ 
16 1 dcl Ctable(*) byte data (0,8,4,0ch, 2,0ah,6,0eh, 1,9,5,0dh, 3,0bh,7,0fh); 
Li 1 dcl tick Lit. '50"; /* console clock rate in milliseconds */ 
PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1l Hardware 04/01/82 PAGE 
KB: external routines 
Ssubtitle('KB: external routines') 
/* 
* signal user about keyboard error state -- ring bell 
ey, 
18 1 del signal$KBSerror lit 'Ringbell'; 
/* Ringbell found in SOUND module */ 
/* 
a Process key board event -- in external module 
19 1 Process$Event: proc(event) byte ext; 
20 2 dcl event byte; 
21 2 end; 
/* 
1g Software clock resource -- set timeout for interrupt to KBS$reset 
* 
22 1 set$KBSclock: proc(Period) ext; 
23 2 del Period intg; /* timeout delay in milliseconds */ 
24 2 end set$KB$clock; 
PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 
KB: Keyboard Stateware 
Ssubtitle('KB: Keyboard Stateware') 
/* 
i KB interrupt entry (level 6) 
e/ 
25 1 kbSirg: proc pub rent; 
26 2 do case kb$state; 
/* 
* state 0 to state 1: shift register (full) interrupt 
* 
27 3 kbst0: do; ; : 
28 4 via(4).ACR= via(4).ACR and not SR$enable; /* disable shift register * 
/* prepare for interrupt on negative edge of KB RDY */ 
29 4 via(4).PCR= via(4).PCR and not CBl1$pos_edge; 
30 4 via(4).IER= 80h or CBlSintbit; 
31 4 disable; /* time critical section * 
32 4 kbSdata = via(4).SR; /* get KB data from SR (clears SR IRQ) */ 
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5 


6 


33 4 via(4).IER= SRS$intbit; 7* disable SR interrupt «/ 
/* assert KB ACK control on interrupt */ 

34 4 via(4).RB = via(4).RB or kbSackctl; /* (CBl IRQ is reset) */ 

35 4 enable; /* end of critical section xf 

36 4 kbSstate = 1; /* set to state l «/ 

37 4 end; 

/* 
i state 1 to state 2: interrupt from negative edge on KBS$RDY 
* 

38 3 kbstl: do; 

39 4 disable; /* time critical section */ 

40 4 if (via(4).RA and kb$databit) [| 0 then /* if data bit is not low then */ 

4) 4 call kbSerror; /* stop bit error has occurred */ 

42 4 else do; /* prepare for interrupt on positive edge of KB RDY */ 

43 5 via(4).PCR= via(4).PCR or CBl1$pos_ edge; 

/* release KB ACK control on interrupt */ 

44 5 via(4).RB = via(4).RB and not kbSackctl; /* (CBl IRQ is reset) «/ 

45 5 kbSstate = 2; /* set to state 2 xy 

46 5 end; 

47 4 enable; /* end of critical section */ 

48 4 end; 

PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 
KB: Keyboard Stateware 
Seject 
{*® 
* state 2 to state 0: interrupt from positive edge on KBS$RDY 
* 

49 3 kbst2: do; ; vo 

50 4 if (via(4).RA and kb$databit) = 0 then /* if data bit is low then */ 

51 4 call kb$error; /* stop bit error has occurred */ 

52 4 else do; 

53 5 call kbS$reset; /*reset hardware/software for next event */ 
/* call event processing routine with order of bits reversed to */ 
¢* reflect physical key number and event type (open or close) */ 

54 5 if not Process$Event( shl(Ctable(kb$data and Ofh) ,4) 

or Ctable(shr (kb$data,4)) ) then 

55 5 call signal$kB$error; /* signal error in event process xf 

56 5 end; 

57 4 end; 

58 3 end; 

59 2 end kbS$irq; 

PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 $S-1 Hardware 04/01/82 PAGE 
KB: Keyboard support routines 
Ssubtitle('KB: Keyboard support routines') 

60 1 kb$reset: proc rent; /* puts KB hardware/software into state 0 */ 

61 2 dcl dummy byte; 

62 2 via(4).IER = CBlSintbit; /* clear CBl interrupts ef 

63 2 via(4).RB = via(4).RB and not kbSackctl; 7* release kbS$ack af 

64 2 via(4).ACR = via(4).ACR or SRSenable; /* enable shft reg BY, 

65 2 dummy = via(4).SR; /* clr any pending irg «/ 

66 2 via(4).I1ER = 80h or SRS$intbit; /* enable sr interrupts x / 

67 2 kb$state = 0; /* init keybrd state x/ 

68 2 call set$KBSclock (0); /* clear timeout counter */ 

69 2 end kbS$reset; 

70 L kbSerror: proc rent; 

71 2 via(4).RB = via(4).RB or kbSackctl; /* force kbSack high yA 

72 2 via(4).IER = 7£h; /* allow no interrupts “7: 

73 2 call set$KBS$clock (kb$TIMEOUT) ; /* time out keyboard x/ 

74 2 end kbSerror; 

75 E kb$init: proc pub rent; 

76 2 via(4).RB = via(4).RB and (OFFh-3); 

77 2 via(4).DDRA = via(4).DDRA and not kbS$databit; 

78 2 via(4).DDRB = via(4).DDRB or kbSackctl; 

79 2 via(4).IER = 7£h; 

80 2 via(4).PCR = 0; 

81 2 via(4).ACR = 0; 
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89 
90 
91 
92 
93 
94 
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96 
97 
98 


99 
100 
101 


102 
103 


104 
105 


106 
107 
108 
109 
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via(2).ACR= (via(2).ACR and OcO0h) or 40h; 
via(2).timer1lL= tick*1000; 
via(2).IER = timerl_ena and 7fh; 
call kbSreset; 
end kb$init; 
SIRIUS Systems Technology, Inc. (c) 1982 


CRTreg: controller chip registers 


SSUBTITLE ('CRTreg: controller chip registers') 


DCL CRTSO byte AT (0E8000H); 
DCL CRTS1 BYTE AT (0E8001H); 
rk 
* Set CRT register 
#7 
setSCRT$reg: proc (reg,value) rent; 


dcl reg byte; 

del value byte; 
CRTSO= reg; 
CRTS1= value; 

end setSCRTSreg; 


SIRIUS Systems Technology, Inc. (c) 
CRTreg: cursor-display mode control 


1982 


S-1l Hardware 04/01/82 PAGE 
/7* CRT-chip address register */ 
/* CRT-chip internal register port */ 
/* select register */ 
/* set data */ 

S-l Hardware 04/01/82 PAGE 


$SUBTITLE ('CRTreg: cursor-display mode control') 
dcl rast$start lit VIO"; /7* CRT reg: cursor-start & cursor-display mode */ 
DCL Cursor$PAR BYTE; /* VAR: contents for CRT cursor-start raster & cursor display mode 
del blink$on boolean; /* FLAG: =0 Blinking cursor on (fast) */ 
dcl cursSoff boolean; /* FLAG: [|0 Cursor off */ 
{* 
‘ Set cursor to current Cursor parameter byte. 
*/ 
set$cursor: proc rent; 
call set$CRT$reg(rast$start,Cursor$PAR) ; /* set raster start reg es 
end setS$cursor; 
/* 
bg Set block cursor. 
*/ 
BLOCKSCRS:PROC RENT; 
Cursor$PAR = Cursor$PAR AND OEOh; 7* set block cursor */ 
call set$cursor; /* set cursor mode reg */ 
END BLOCKSCRS; 
/* 
* Set underscore cursor. 
we 
UNDERSCORESCRS:PROC RENT; 
Cursor$PAR = OOFh OR (Cursor$PAR AND OEOh); /* set underscore cursor */ 
call set$cursor; /* set cursor mode reg */ 
END UNDERSCORESCRS; 
SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 
CRTreg: cursor-display mode control 
Seject 
/*® 
* Return cursor to previous modes: block or underline, steady or flashing 
4 
CURSORSON:PROC RENT; 
cursSoff= false; /* reset cursor off flag */ 
if blink$on then Cursor$par= CursorS$par or 060h; /* set to flashing mode */ 
else Cursor$par= Cursor$par and O1Fh; /* set to steady mode x 
call setS$cursor; /* set cursor mode reg 7 


END CURSORSON; 


9 


10 


af 


1l 


117 
118 
119 
120 
121 


122 
123 
124 
126 
127 
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147 
148 
149 
150 
151 


152 
153 
154 
155 
156 


NNNNE MMM MH 


NONNNE 


Pe 


NNNNE 


NN MND NNNMNH 


NNNN eH 


/* 
* 
*/f 

CURSORSOFF:PROC RENT; 

cursS$off= true; 
Cursor$PAR = 


call set$cursor; 
END CURSORSOFF; 


/* 
* Set cursor blinking. 
A 
CRSSBLINKSON: PROC RENT; 
blink$on= true; 


Turn cursor off. 


020h OR (Cursor$PAR AND O1Fh); 


/* set cursor off flag */ 
/* set to off mode */ 
/* set cursor mode reg */ 
/* set blinking on flag */ 


if not cursSoff then Cursor$PAR= 060h OR CursorSPAR; /* set flashing,if not off x/ 
call set$cursor; /* set cursor mode reg */ 
END CRS$BLINKS$ON; 
* 
= Set cursor steady. 
*/ 
CRS$BLINKSOFF:PROC RENT; 
blink$on= false; /7* reset blinking on flag xf 
if not curs$off then Cursor$PAR= 01Fh and Cursor$PAR; /* set steady,if not off */ 
call set$cursor; /7* set cursor mode reg */ 


END CRSSBLINKSOFF; 


SIRIUS Systems Technology, Inc. (c) 1982 


CRTreg: Cursor positioning 


SSUBTITLE ('CRTreg: Cursor positioning") 


S-1 Hardware 04/01/82 PAGE 


'14'; /* CRT reg: MSByte of cursor location word, bits: xx54$3210 */ 


/* CRE reg: LSByte of cursor location word */ 


del cursaddrH lit 
del cursaddrL Lit Cis"; 
[* 
* Position Cursor to Absolute Font Cell number 
* and display bank 
*f 


POS$Cursor: proc (Cell$number) pub rent; 
dcl Cell$Number word; 
call setS$CRT$reg (cursaddrL, 
call set$CRT$reg 
end Pos$Cursor; 


SIRIUS Systems Technology, Inc. (c) 1982 


/* Absolute Font Cell Number & diplay bank */ 


low (Cell$number)); 
{cursaddrH, high(Cell$number)); 


S-1l Hardware 04/01/82 PAGE 


CRT: video contrast & brightness 
SSUBTITLE ('CRT: video contrast & brightness') 
DCL cBectrl BYTE AT (0E8040H); /* Contrast & Brightness control register */ 
/* bits: CCCBSBB-- ay: 
/* 
* Raise video contrast one level. 
*/ 
contrast$up: proc rent; 
dcl a byte; A 
if (a:= (CBctrl + 20h) and OEOQh) [| 0 then /* add & check upper Limit */ 
CBctrl= (CBcetrl and O1FH) or a; /* set contrast, bits: 765 */ 
end contrast$up; 
/* 
bad Lower video contrast one level. 
"7 
contrast$down: proc rent; 
dcl a byte; 
if (a:= (CBctrl - 20h) and OEO0h) [| OEOh then /* sub & check lower limit */ 
CBetrl= (CBctrl and O1FH) or a; /* set contrast, bits: 765 */ 
end contrast$down; 
/* 
* Raise video brightness one level. 
*/ 
bright$up: proc rent; 
dcl a byte; — 
if (a:= (CBctrl + 4) and 01CH) [| 0 then /* add & check upper limit */ 
CBctrl= (CBctrl and OE3H) or a; /* set brightness, bits: 432 */ 


end brightS$up; 


12 


13 


251 


157 
158 
159 
160 
161 


PL/M-86 COMPILER 


162 
163 


164 


172 
173 
174 
£75 
176 


PL/M-86 COMPILER 


252 


NN hh he 


Ree 


NNNNE 


{* 
* 
* / 

bright$down: 

dcl a byte; 
if (a:= (CBctrl - 4) and 01Ch) {| 01Ch then 
CBctrl= (CBctrl and 0£3H) or a; 
end bright$down; 


Lower video brightness one level. 


proc rent; 


SIRIUS Systems Technology, 
CRT: display RAM/Font Cells 


Inc. (c) 1982 


SSUBTITLE ('CRT: display RAM/Font Cells') 
del screenSram word at (0F0000h); 
del screenSaddr ptr; 
DCL SCREEN based screenSaddr (2000) word; 
/* 
* Screen Buffer Word variables 
*/ 
del char $mode word pub; 
dcl charSbase word pub; 
DCL REVBIT LIT *8000H'; 
DCL BGBIT Lit "4000H'; 
DCL UNDBIT LIT *2000H'; 
del INVBIT Lit ‘1000h'; 
del extraBIT lit '0800h'; 
/* 


* Display symbol from character set (typi 
id at absolute Font Cell number 

bd (typically: [line| * [display width 
* with current Cursor & Display modes. 


Display$symbol: proc (Symbol$code,Cell$number) 
del Symbol$code byte; 
del Cell$Number word; 

screen (Cell $Number) = 
end Display$symbol; 


SIRIUS Systems Technology, 
CRT hardware initialization 


Inc. (c) 1982 


SSUBTITLE ('CRT hardware initialization’) 


DCL CRT$config (*) BYTE DATA (92,80, 81,0CFh, 


CRTSInit: 
DCL I 


PROC; 
BYTE; 


screenSaddr= @screen$ram; 


char$mode= BGBIT; 
char$base= 20; 


cursSoff= false; 
blink$on= false; 
Cursor$PAR= 0; 


DO I=0 TO OFH; 
CALL SETSCRTS$REG 
END; 


(1, (CRTconfig(1))); 


END CRTSInit; 


7* sub & check lower limit 
/* set brightness, bits: 432 


S-1 Hardware 04/01/82 


/* memory address of display RAM 


/* display ram pointer, base of word ARRAY */ 
* 


7* ARRAY of Font Cell Pointers 


7* CRT attribute bits: 7654$3--- 


/* CRT Font Cell Pointer base for 
/* ASCII symbol index 


cally ASCII) 


| + [column| ) 


pub rent; 
/* Symbol print code 
/7* Absolute Font Cell Number 


(Symbol$code + char$base) OR char$mode; 


S-1l Hardware 04/01/82 
/* COMMENT THIS {!1! 
25,6, 25,25, 3,14, 0,15, 0,0, 0,0); 


PAGE 


*/ 
/ 


*/ 


*/ 
*/ 


*/ 
*/ 


PAGE 


*/ 
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PL/M~86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 
SOUND variables & hardware defs 
SSUBTITLE (‘SOUND variables & hardware defs') 
190 1 dcl bell$freq LIT a Rone /* period of bell tone: frequency= 14.9KHz */ 
191 pe del codec$clk word at (0E8084h); /* TIMER]: codec clock frequency */ 
192 1 del codecSctl byte at (OE808Bh); /* ACR: codec clock control register */ 
193 hi del codec$sda word at (O0E8060h); /* */ 
194 1 del volume byte at (OE802Ah); /7* SR: volume shift-register */ 
195 1 del volSctl byte at (OE802Bh); /* ACR: SR control register xf 
196 1 acl vol$clk word at (0E8028h); /* TIMER2: volume SR clock */ 
197 1 dcl bell$on byte; /* FLAG: bell sound presently active */ 
198 L dcl voiS$level byte; /*current volume level (nine levels: 0 --| 8) 
/* volume shift pattern lookup table */ 
199 1 del vol$table (*) byte data (OFFh,7FH,3FH,1FH,0FH,7,3,1,0); 
PL/M-~86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 
SOUND: Bell control 
SSUBTITLE ('SOUND: Bell control') 
* 
* Software clock resource -- set timeout for interrupt to Bell$clock 
7A 
200 1 setSBELL$clock: proc (Period) ext; 
201 2 dcl Period intg; /* timeout delay in milliseconds */ 
202 2 end set$BELL$clock; 
* 
* CODEC Hardware reset 
*/ 
203 1 Bell$init: proc pub rent; 
204 2 vol$level= length(vol$table)-2; /* set initial volume level near max x/ 
205 2 call Bell$clock; /* set hardware to a known & quiet state */ 
206 2 end BellSinit; 
PL/M~86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 
SOUND: Bell control 
Seject 
207 i Bell$clock: proc pub rent; 
208 2 codec$ctl = codec$ctl and not 0COh; /* disable codec clock */ 
209 2 codec$sda = 5E00h; /* initialize codec SDA to input mode... «7 
210 2 codec$sda = 0D40h; /* ... to reduce extraneous noise */ 
2iL 2 codec$sda = OAA80h; 
212 2 codec$sda = 00COh; 
21:3 2 vol$ctl = (vol$ctl and not 3Ch) or 10h; /* set SR & T2 volume register modes */ 
214 2 vol$clk = 1; /* volume clock frequency set beyond perception af 
215 2 volume = vol$table(vol$level); /* set volume to current level */ 
216 4 bellSon = false; /* set bell state to off */ 
a7 2 end bell$clock; 
218 iL Ring$bell: proc pub rent; 
219 2 if not bell$on then do; /* start bell if sound is off * 
221 3 call bell$clock; /* init codec hardware on every bell 
222 3 codec$sda = 0f£80h; /* set output waveform to 4 up & 4 down, 
/* a low amplitude triangle wave. */ 
223 3 codec$ctl = codec$ctl or OcOh; /* set codec clock to free run 
224 3 codecS$clk = bell$freq; /* set audio pitch frequency 
225 3 bell$on = true; /* set bell state on 
226 3 end; 
227 2 call set$bell$clock (100); /* turn off bell in 100 milliseconds x/ 
228 2 end; 
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SIRIUS Systems Technology, 
SOUND: volume control 


Inc. (c}) 1982 


S$SUBTITLE ('SOUND: 
/* 
* 
*/ 
volume$up: proc rent; 
if vol$level |= length(vol$table)-1l then 
volS$level= length(vol$table)~1; 
else vol$level= vol$level+i; 
volume= vol$table(vol$level); 
end volumeSup; 


volume control’) 


Raise CODEC volume one level. 


/* 

* Lower CODEC volume one level. 
*/ 

volume$down: proc rent; 


if vol$level |= length(vol$table)-1 
vol$level= length(volStable)-2; 
else 


then 


S-1l Hardware 


/* 
/* 


if vol$level[|0 then vol$level= vol$level-1l; 


volume= vol$table(vol$level) ; 
end volumeS$down; 


SIRIUS Systems Technology, Inc. 
SIO: Serial I/O dvrs for TTY: and ULI: 


/* 


(c) 1982 S-1l Hardware 


$subtitle('SIO: Serial I/O dvrs for TTY: and ULI1:') 


/*ctr device dcls*/ 
del sioctr struc 
(adata byte, 
bdata byte, 
XXX byte, 
ctretl byte) at 
/*sio device dcls*/ 
dcl siodev struc 
(adata byte, 
bdata byte, 
actl byte, 
betl byte) at(0E0040h); 
del rx$avail literally 'l', 
txSempty literally '4'; 


(0E0020h) ; 


dcl serial_params struc 
(actrlsb byte, 
actrmsb byte, 
betrlsb byte, 
bctrmsb byte, 


04/01/82 


check upper limit 
set to max volume 
bump level up by one 
set volume register 


check upper limit 
set to max volume-1l 


/* drop level by one 
set volume register 


04/01/82 


/*LSByte of chan a.'s baud rate 
/*MSByte ... 
/*LSByte of chan b.'s baud rate 


/*MSByte ... 


/* if [baud| then lsb = ??h msb = ??h 1.25Mhz/([baud|*16) 
50 === LAh 06h 50.00 -0- (min. tol.dist.43.75%) 
llh 04h 75.00 -0- ( u 43.75%) 
Cé6h 02h 110.00 -0- ( " 43.75%) 
| 44h 02h 134.00 -0.37% ( - 40.23%) 
08h 02h 150.00 -0- ( 43.75%) 
86h Olh 200.00 -0- ( " 43.75% 
300 === 04h Olh 300.00 -0- ( ze 43.75%) 
600 === 82h 00h 600.00 -0- ( . 43.75%) 
1.2k === 41h 00h 1201.00 +0.08% ( " 42.99%) 
SIRIUS Systems Technology, Inc. (c) 1982 S-1l Hardware 04/01/82 
SIO: Serial I/O dvrs for TTY: and ULI]: 
Seject 
1775.00 -1.39% ( e 30.54%) 
1816.00 +0.09% ( " 42.88%) 
1953.00 ~-2.36% ( " 21.33) 
2003.00 +0.15% ( bs 42.32) 
2367.00 -1.38% ( i 30.64%) 
2441.00 41.71% ( ” 27.51%) 


PAGE 


PAGE 


*/ 
ef 
*/ 
*/ 
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20 


2a 


3.6k ===| 16h 00h 3551.00 ~-1.36% ( " 30.83%) 

15h 00h 3720.00 +3.33% ( , 12.4%) 

1llh 00h 4595.00 -4.27% ( Mg 3.185%) 

4.8k ===| 10h 00h 4882.00 +1.02% ( °, 34.06%) 
09h 00h 8680.55 ~-9.58% (DISTORTED) 

9.6k ===] 08h 00h 9765.56 +1.73% (min.tol.dist.27.32% 
06h OOh 13020.83 -9.58% (DISTORTED) 
05h 00h 15625.00 +8.51% (DISTORTED) 

05h 00h 15625.00 -18.62% of 19.2k (DISTORTED) 

19.2k ===| 04h OOh 19531.25 +1.02% (min.tol.dist.34.06%) 


min.tol.dist. figure assumes no channel noise effects. 
NOTE: possible noise DOES NOT includes bias distorition 
caused by various cable capacitance effects*/ 


PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 
SIO: Serial I/O dvrs for TTY: and ULI: 


Seject 
cr2a byte, /*bus interface option: 10h if baud a [= baud b 
14h if baud a | baud b*/ 
cr4a byte, 


er4b byte, 
/*cr4x (16x)$54$ (stops) $(even)$(parenb) = 4?h 
OL 00 ss e p 
ss = 01 1 stop 
= 10 1.5 stop 
= 11 2 stop 
e = 1 even 
e = 0 odd, byte transparent 
p = 1 even or odd 
p = 0 byte transparent*/ 


cr3a byte, 
er3b byte, 
/*cr3x (rbits)$ (autoenb) $4$3$2$1$(renb) = ?1h 
1 


bb 1 0000 
bb = ll byte transparent cr3x = Elh 
= 01 even,odd cr3x = 61h*/ 


er5Sa byte, 
cr5b byte) EXT; 
/*cr5x (dtr) $(tbits)$(br)$(tenb) $2$(rts)$0 = ?Ah 
1 bb 0 a 0 ol 0 


bb = 11 space,mark cr5x = EAh 


bb 01 even,odd,no cr5x = AAh*/ 
PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 
SIO: Serial I/O dvrs for port A -- TTYSINSTAT & TTYSSTAT 
S$subtitle('SIO: Serial I/O dvrs for port A -~ TTYSINSTAT & TTYSSTAT') 
246 i TTYSin$stat:proc boolean PUB; 
247 2 if ( (siodev.actl AND rx$avail) {| 0) 
then return(true); 
249 2 return(false); 
250 2 end TTYSinSstat; 
251 1 TTYSstat:proc boolean PUB; 
252 2 if ( (siodev.actl AND txSempty) = 0) 
then return(true); 
254 2 return(false); 
255 2 end TTYSstat; 


PAGE 


PAGE 
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SIO: Serial I/O dvrs for port A -- TTYSGET & TTYSPUT 


Ssubtitle('SIO: Serial I/O dvrs for port A -- TTYSGET & TTYSPUT') 


256 1 TTyS$get:proc byte PUB; 
/*user must not activate this procedure if siodev chan. a reg. ptr 
is not set to 0 (only {| 0 if user has been mucking with hardware*/ 
257 2 do while( (siodev.actl AND rx$avail) = 0); /*wait forever till empty 
258 3 end; 
259 2 return (siodev.adata) ; /*input form 7201 
260 2 end TTy$get; 
261 1 TTY$put:proc(char) PUB; 
262 2 dcl char byte; 
/*user must not activate this procedure if siodev chan. a reg. ptr 
is not set to 0 (only [| 0 if user has been mucking with hardware*/ 
263 2 do while( (siodev.actl AND txSempty) = 0); /*wait forever till empty 
264 3 end; 
265 2 siodev.adata = char; /*output a char 
266 2 return; 
267 2 end TTYSput; 
PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 
SIO: Serial I/O dvrs for port B -- ULI1SSTAT & UL1PUT 
Ssubtitle('SIO: Serial I/O dvrs for port B ~= ULISSTAT & UL1PUT') 
268 J. UL1$stat:proc boolean PUB; 
269 2 if ( (siodev.bctl AND txSempty) = 0) 
then return(true); 
271 2 return(false) ; 
272 2 end UL1LSstat; 
273 1 UL1$put:proc(char) PUB; 
274 2 del char byte; 
/*user must not activate this procedure if siodev chan. b reg. ptr 
is not set to 0 (only [| 0 if user has been mucking with hardware*/ 
275 2 do while( (siodev.bctl AND txSempty) = 0); /*wait forever till empty 
276 3 end; 
277 2 siodev.bdata = char; /*output a char 
278 ra return; 
279 2 end UL1Sput; 
PL/M-~86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1l Hardware 04/01/82 
S10: Serial I/O dvrs for ports A & B -- SIOSINIT 
Ssubtitle('SIO: Serial I/O dvrs for ports A & B -- SIOSINIT') 
280 L SIO$init:proc PUB; 
281 2 Siodev.actl = 00$011$000b; /*chan. a reset 
282 2 siodev.bet1l = 00$011$000b; /*chan. b reset 
/*load timer now; cant touch 7201 chip for 4 2.5Mhz clocks*/ 
283 2 sioctr.ctretl = 36h; /*78 (ctra)$ (r1)$ (mode) $ (bin) 
284 2 Sioctr.adata = serial _params.actr1sb; 
285 2 sioctr.adata = serial _params.actrmsb; 
286 2 sioctr.ctrcetl = 76h; /*7§ (ctrb) $ (r1)$ (mode) $ (bin) 
287 2 sioctr.bdata = serial _params.bctrl1sb; 
288 2 sioctr.bdata = serial_params.bctrmsb; 
/*cr2a bus interface option*/ 
289 2 siodev.actl = 2; /*--|cr4a 
290 2 siodev.actl = serial _params.cr2a; 
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Pee 


siodev.actl 
siodev.actl 
siodev.betl 
siodev.betl 


/*Cxr3x*/ 

siodev.actl 
siodev.actl 
siodev.bctl 
siodev.bectl 


noun i 


4; 
serial _params.cr4a; 
4; 
serial _params.cr4b; 


3; 
serial _params.cr3a; 
33 
serial_params.cr 3b; 


/*--|cr4a 


/*--|cr4b 


/*--|cr3a 


/*--|cr3b 


SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 
SIO: Serial I/O dvrs for ports A & B -- SIOSINIT 
Seject 
/¥*or5xk/ 
siodev.actl = 5; /*--|cr5a 
siodev.actl = serial_params.cr5a; 
siodev.betl = 5; /*--|er5b 
siodev.bctl = serial_params.cr5b; 
/*cr0x reset ext/st intrs to enable modem control sense~-| autoenb chans. 
also --| crix, set intr params*/ 
siodev.actl = 00$010$001b; 
siodev.actl = 0; /*no intrs 
siodev.bctl = 00$010$001b; 
siodev.bctl = 0; /*no intrs 
end sioSinit; 
SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 
PPORT -- centronics interface routines 
Ssubtitle ('PPORT -- centronics interface routines ') 
/* 
* This module implements the initialization, LISTST, and LIST functions 
* for a Centronics-compatible parallel printer interface, using the 
* 6522 VIA chip. 
* 
* Our entry points are named ppSinit, LPT$stat, and LPT$put respectively, 
* it's up to our caller to decode the I/O byte and call the approp- 
* riate routines. 
ty 


SIRIUS Systems Technology, Inc. 


(c) 1982 S-1l Hardware 04/01/82 


PPORT -- centronics interface routines 


Seject 


declare pp$base pointer; 
declare pp based pp$base structure ( 


rb byte, 
ra byte, 
ddrb byte, 
ddra byte, 
tlcl byte, 
tlch byte, 
tlll byte, 
tlih byte, 
t2cl byte, 
t2ch byte, 
sx byte, 
acr byte, 
per byte, 
ifr byte, 
ier byte, 
rax byte 


di 
/* 
* Bit definitions 


"7 


for Centronics-style parallel interface, 


declare vial$base literally 
declare ds$l literally ‘Olh' 
declare pi$h literally '02h' 
declare bz$h literally '20h' 


*0e8020h'; 


; 
; 
; 


/* baseaddr for a 6522 

/* 6522 template 

7/* out-in reg 'b! 

/* out-in reg ‘a’ 

/* data-direction, reg 'b! 
/* data-direction, reg ‘a' 
/* tl ectr(r)/lat(w) lo 

/* tl ctr hi 

/* tl latch lo 

/* tl latch hi 

/* t2 ctr(r)/lat(w) lo 

/* t2 ctr hi 

7* shift register 

7* auxiliary ctrl reg 

/7* peripheral ctrl reg 

/* interrupt flg register 
/* interrupt enbl register 
/* out-in reg ‘'a' NO HANDSHAKE 


‘vial’. 


/* baseaddr for this chip 
/* data strobe (pb0) 

/* this datum for vfu (pbl) 
/* printer busy (pb5) 


*/ 
*f 


af 


*/ 
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declare ak$l literally ‘'40h' 
declare sl$h literally '80h' 
* 


7 
7 


* Bit definitions for multi-use pio, 'via2'. 


*/ 


declare via2$base literally '0e8040h'; 


declare teSh literally 'Olh'; 


Seject 
* 


* initial setup for parallel printer port 


SIRIUS Systems Technology, Inc. 
PPORT -- centronics interface routines 


/* printer ack (pb6) 
7* on-line and no error (pb7) 


7* baseaddr for this chip 
/* talk-enable line 


S-l Hardware 04/01/82 


* Note we use via2 during this setup to get talk-enable turned on, and 
* thus someone MUST ALREADY HAVE VIA2 INITIALIZED. 


a 


pp$init: procedure public; 
pp$base = via2$base; 
pp.rb = pp.rb or te$h; 
pp$base = vialS$base; 
pp.ra = 0; 
pp.ddra = Offh; 
pp.rb = ds$l; 
pp.ddrb = ds$l or piS$h; 


end ppSinit; 


Seject 


SIRIUS Systems Technology, Inc. 
PPORT -- centronics interface routines 


/7* point to secondary chip for te 
/* set ‘talk enbl' 

/* point struc at primary chip 

/* va is dataport, init with 0's 

/* set all ra bits as outgoing 

/* rb is ctrlport, init no ds/pi 

/* these 2 only are outgoing 

/*® cal/ca2 cbl/cb2 not used 

/* timers/shiftreg not used 


S-1l Hardware 04/01/82 


Test status of printer, return true if on-line and not busy, else 


* false. For some reason, the Altos code explicitly deasserted data 
* strobe before testing; we'll assume that this represents an Altos 


* fubar and is not required here. 
ws 
LPT$stat: procedure byte public; 
if (pp.rb and (sl$h or bz$h)) = 
return 0; 
end LPTSstat; 


/* 


* Put one character to the printer interface. 


*/ 

LPT$put: procedure(ch) public; 
declare ch byte; 
do while LPTSstat = 0; end; 


pp.ra = ch; 
disable; 
pp.rb = pp.rb and not ds$1l; 
pp.rb = pp.rb or ds$l; 
enable; 
return; 


end LPT$Sput; 


sl$h then return Offh; 


/* wait for printer ready 
/* put outgoing char on the port 


/* assert data strobe 
/* deassert data strobe 


PAGE 
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*/ 
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PL/M-86 COMPILER SIRIUS Systems Technology, Inc. (c) 1982 S-1 Hardware 04/01/82 PAGE 32 
Example software drivers for S-1 Hardware 
SSUBTITLE ('Example software drivers for S-l Hardware') 


343 i end Hardware; 


MODULE INFORMATION: 


CODE AREA SIZE 073EH 1854D 


CONSTANT AREA SIZE = 0000H OD 
VARIABLE AREA SIZE = 0014H 20D 
MAXIMUM STACK SIZE = OOOEH 14D 


807 LINES READ 
0 PROGRAM WARNINGS 
0 PROGRAM ERRORS 


END OF PL/M-86 COMPILATION 
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